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CERTIFICATION 


Hewlett-Packard Company certifies that this product met its published specifications 
at the time of shipment from the factory. Hewlett-Packard further certifies that its 
calibration measurements are traceable to the United States National Bureau of 
Standards, to the extent allowed by the Bureau’s calibration facility, and to the 
calibration facilities of other International Standards Organization members. 


WARRANTY 


This Hewlett-Packard instrument product is warranted against defects in material 
and workmanship for a period of one year from date of shipment. During the warranty 
period, Hewlett-Packard Company will, at its option, either repair or replace products 
which prove to be defective. 


For warranty service or repair, this product must be returned to a service facility 
designated by HP. Buyer shall prepay shipping charges to HP and HP shall pay 
shipping charges to return the product to Buyer. However, Buyer shall pay all ship- 
ping charges, duties, and taxes for products returned to HP from another country. 


HP warrants that its software and firmware designated by HP for use with an 
instrument will execute its programming instructions when properly installed on that 
instrument. HP does not warrant that the operation of the instrument, or software, or 
firmware will be uninterrupted or error free. 


LIMITATION OF WARRANTY 


The foregoing warranty shall not apply to defects resulting from improper or inade- 
quate maintenance by Buyer, Buyer-supplied software or interfacing, unauthorized 
modification or misuse, operation outside of the environmental specifications for the 
product, or improper site preparation or maintenance. 


NO OTHER WARRANTY IS EXPRESSED OR IMPLIED. HP SPECIFICALLY 
DISCLAIMS THE IMPLIED WARRANTIES OF MERCHANTABILITY AND 
FITNESS FOR A PARTICULAR PURPOSE. 


EXCLUSIVE REMEDIES 

THE REMEDIES PROVIDED HEREIN ARE BUYER’S SOLE AND EXCLUSIVE 
REMEDIES. HP SHALL NOT BE LIABLE FOR ANY DIRECT, INDIRECT, SPE- 
CIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES, WHETHER BASED 
ON CONTRACT, TORT, OR ANY OTHER LEGAL THEORY. 


ASSISTANCE 


Product maintenance agreements and other customer assistance agreements are 
available for Hewlett-Packard products. 


For any assistance, contact your nearest Hewlett-Packard Sales and Service Office. 
Addresses are provided at the back of this manual. 
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SERIAL NUMBERS 


This manual applies directly to instruments with 
serial numbers prefixed 2410A and 2410U. 


With changes described in Section VII, this man- 
ual also applies to instruments with serial num- 
bers prefixed 1447A, 1448A, 1451A, 1501A, 1503A, 
1504A, 1505A, 1538A, 1550A, 1606A, 1611A, 
1629A, 1713A, 1725A, 1746A, 1803A, 1908A, 
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numbers, see INSTRUMENTS COVERED BY 
MANUAL in Section I. 


| @ | HEWLETT 

ip PACKARD 

© Copyright HEWLETT-PACKARD COMPANY 1975, 1977, 1980, 1984 
1501 PAGE MILL ROAD, PALO ALTO, CALIFORNIA, U.S.A. 


MANUAL PART NO. 00436-90034 
Microfiche Part No. 00436-90035 
Operating Information Supplement Part No. 00436-90036 Printed: JULY 1984 


oF 


be Rh 
it : 7 Ab 
¢ 
7 
m * ; : Z 1 
ne Me ' i? , prin " bes " "* nye ‘ie rine ie | 
As “tes Li ie ree, hve |; Qe - ie ie . 
4a 75 My ‘ es tat AA mere aa oh W7 iy. he 6 Aap g, eg ate 
is Lee F, o hv an Mnaieriie 4 ches oa een 
.: ny { 
+ 
Ty om te) i 
“ he 
Sa ey x 
it ® i 
i ‘| . > 
49 
, 7 L q a3 
“Ky 
; ; : 
f 
¥ r. < 
bs : 
, he 7 1 ab 
oa A 
f Fe _ 
bk An 
rh - 
i] 
1 ‘ ids 
ee 
} i} . v@ e* 
( , 4 i i 
1 i é ta! ' 
4 qaus 
’ 
‘ 4 
7 
R 
y ay 
r 
i 
‘ I 4 t 
f y 
ws y ' 
/ 
Gs ate 
2 “s 
oe 
f , ¥ 
¥ d 
r a ae 
Lowy ae 7.1% 
1) 
a hy. aay ye Sea 
Vda esthe ee a wi 
ON; 1140 wee iy 
Fi ity Ot oA rs : { 
iy Roi 
i ? i i F i Se ike ee? om at Ae ey rb at) 
, A he: ahs a LA ah ‘ ; 
: é Akt wy moet ie AS GLA Che bids ah twee 
{ so oa8 hy de : i ax; 0 py es 
ie bd 
\ Wir 
" i wry . 
¥ f 


Model 486A 


CONTENTS 


Section Page 
I GENERALINFORMATION ............... 1-1 
SEO MP ITI TTOCEEEIONS 15 5,55iae-scis NORTE Ee wieharet 1-1 
Pe eS DECIFICALIONS Heian fe ro sels alos eens 2's od 1-1 
1-8. Instruments Covered by Manual............. 1-1 
Pea PCECLIDULON a ores tok tee Cea E OM. 1-1 
PEP MO DUELOTIE a oo) h le cis) dla dee odo OBR SO MORENO eee 1-3 
Los input-Output Options eee eet ee. . 1-3 
1-22; Remote-Control Options . i002 0.e0k. io. o 1-3 
1-25. Accessories Supplied .......6..cc0ccssceecces 1-4 
1-27. Equipment Required but not Supplied........ 1-4 
1-29 eK quipment Available ures 121s BI ods 1-4 
1-33. Recommended Test Equipment .............. 1-4 
1-85. Safety Considerations 0.22. 85h. 2... s sees aces 1-4 
Pim UNS LAIEAT ION Gee ee BO ook cae 2-1 
a LTUCTCSCLUCLION 5. rats sect crsnoler eer esi ateveld desolate: abebeirace 2-1 
2-Oee initia inspection esac eka nega eek 28 eS 2-1 
ae ETCDALALION {OTiUSE, ans. caine Mae eee 2-1 
2-6. Power Requirements ................00e00- 2-1 
2-8. Line Voltage and Fuse Selection ........... 2-1 
ZION LOWEE.Cablevemne ee onsite tae ess cae ay 2-2 
ele AGALess Selection yo 4 ee sis Miao SOT dales 2-2 
Bie ee CITCUIUODUIONS er ee we he Bec occ inden eb 2-2 
Zl. NLerconn ectiGnsyiae «Ges el Glas. 2-2 
malo Mating Connectors. auntiecs ates alee es 2-3 
2-21. Operating Environment................... 2-3 
Zee.) bench Operation =. Sate, a.m ee. Soaks. 2-3 
oo hack Mounting....aaem > desman fie shies a 2-3 
2-28. Storage and Shipment.................e0008: 2-3 
eta MUTT VATON TET Gis sae oie aah oo FESS te RS ea 2-3 
Deals PACKAGING Haves yee e eee fos Mitel olds wah 2-3 
Die OPERATION Sc een ee eases Le. « 3-1 
Sele INtroduction mae ann Ae Geel e 3-1 
See Panel: Features 2.0 3. nes Sees | acids 3-1 
3-6. Operator’s Maintenance..................06. 3-1 
33.8 Operator's. Checks 2.7 8et et ek ohm chee 3-1 
3-10. Local Operating Instructions ................ 3-1 
3-12. Hewlett-Packard Interface Bus Remote 
Operations soe eee She he. 3-14 

34a. Compatibilityis. ..ceeeentsa cae nek 3-14 
S18. Data Messages see caries seein cine. 3-14 
3-21. Receiving Data Messages ................ 3-14 
3-32. Sending Data Messages from the Power 

Meter co ia, x. ae ee ee Ponies 3-18 
3-40. Receiving the Trigger Message ........... 3-23 
3-42. Receiving the Clear Message ............. 3-23 
3-44. Receiving the Remote Message ........... 3-23 
3-46. Receiving the Local Message ............. 3-23 
3-48. Receiving the Local Lockout and 

Clear Lockout Set Local Messages ....... 3-23 
3-50. Receiving the Pass Control Message ...... 3-23 


Contents 

Section Page 
3-52. Sending the Required Service Message... .3-23 
3-54. Sending the Status Byte Message......... 3-23 
3-56. Sending the Status Bit Message .......... 3-23 
3-58. Receiving the Abort Message............. 3-23 
3-00:, STest of HE-IB: Operation. .so. eee eee. 3-23 
3-62. Power Measurement Accuracy.............. 3-23 
3-64. Sources of Error and Measurement 

Unicertaintye aise ete te eee as ads 3-30 
370.4 Corrections 10M Hrror 5.48 eens oo: 3-30 
3-75. Calculating Total Uncertainty............ 3-30 
TV LPEREPORMANCE LES US hee dees eas: 4-] 
As eT CEOGUCUION werent cree beet rete cc cotta cs ain coe 4-1 
4-3. Equipment Required .....................2.. 4-1 
Ay de LESC LCCOLIG Smee tics acne tie fee ot core tere «agen 4-1 
4-7, Performance Tests ..... ners Poe Tory SEN 4-1 
4-10) Zero Carryover Test... 1 fae ese cnc shane ns 4-2 
4-11. Instrument Accuracy Test ................... 4-3 
4-12. Calibration Factor Lest 0. . ccs he ao. sae gs: 4-6 
4-13. Power Reference Level Test.................. 4-7 
Visi AD GIS TIVUBIN USS eis ckiaia® ileus Sees Senta a, § 5-1 
Sel ee LN trOG UCU ON aden cs cathe ote titer Sete es acorns la on 5-1 
5-4, )- Safety Considerations 00... set cane eee es 5-1 
5-10: Equipment. Requiredaa.cas.:eon eee tenet. 5-1 
5-12. Factory Selected Components ............... 5-1 
5-145, Adjustment Locationsse22 iw. 2s nes 5-1 
5-16:.DC OffsetiAdjustmenteaee. take. Sees 5-3 
5-17. Auto Zero Offset Adjustment ................ 5-3 
5-18. Spike Balance Adjustment .................. 5-4 
5-19. Multivibrator Adjustment ................... 5-6 
5-20. A-D Converter and Linear Meter 

ACjustment.. so osc. ds neces ten cette ae es «cs 5-7 
5-21. Power Reference Oscillator Frequency 

Adjustments 2 Rinses 3, Ades Fontes. « 5-8 
5-22. Power Reference Oscillator Level 

Adjustmente sina. itis, tee ens ee § 5-10 
5-23. Power Supply Adjustments ................. 5-13 
ViPSREPLACHABLE PARTS=S. Yoo cre eee ee ons 6-1 
Gall SIntroductions 20 ieee teeta ad eek: 6-1 
Gor CAbDbreviation san cms iene ioicis « an's. 9s ae o-cue 6-1 
G5: Replaceable Parts Liste os scvsian a0 sic « a.ciap ions 2 6-1 
Giz, (Ordering Inform atlonies swine cs. «cin sae ois. cccune « 6-1 
G10); Parts Provisioning, thai hiies « o,0.56 0 v4 ide 6-1 
6-12. Direct Mail Order System ..................- 6-1 
Vil MANUAL CHANGESMAA Ree Bares. 7-1 
Tela Introduction yassts Sse a, ae 7-1 
(oe Mantial' Chan gesitneisiitids eeeh ee eine 7-1 
7-6. Manual Change Instructions ................ 7-3 


Contents Model 486A 
CONTENTS (cont'd) 
Section Page Section Page 
VIEL -SERVICES 67 7e@-Aaieoeest Bees ae.. oe 8-1 8-30. Digital Integrated Circuits and Symbols .. 8-7 
Siie. Introductions a7 cto Sate ail eer. 8-1 8-55... Troubleshooting ...«. 5. ...4. Ges. eee 8-16 
8-3), Safety Considerations:/75/s5 Sa. ees oe 8-1 8-59. Standard Instrument Checkout .......... 8-16 
8-9. Recommended Test Equipment ............. 8-5 8-64. HP-IB Instrument Checkout ............. 8-69 
8:11. Service Aids \":;.. saieeanet eet eee 28 ee 8-5 8-70. Block Diagram Circuit Descriptions....... 8-117 
8-16:. Repair. ..>.. cosets. Se arene se 8-5 8-71. Service Sheet 1... 2.5 60.4000 se eee 8-117 
8-17. Factory Selected Components............. 8-5 8-75. Service Sheet 2 . 604 ...0v. 0. dles Cae 8-118 
8-19. Disassembly and Reassembly 8-87. Service Sheet 36 61096.).5.2.. 5. 3 8-122 
Procedures «:; 5.'; SORIA Ree eas 8-5 8-114.. Service Sheet 4... 62.00.0028 Ve 8-144 
8-24. Basic Circuit Descriptions .................. 8-7 8-117. Command Mode Operation ............. 8-144 
8-25. Linear Integrated Circuits ................ 8-7 8-130. Data Mode Operation .................. 8-147 
ILLUSTRATIONS 
Figure Page Figure Page 
1-1. HP Model 436A Power Meter and 5-6. Power Reference Oscillator Frequency 
Accessories Supplied: ....35:)0..4 2 sas ewe tees > 1-0 Adjustment Setup ... . :.... 4.2. Joao eee 5-8 
5-7. Power Reference Oscillator Level 
2-1. Line Voltage and Fuse Selection ............. 2-1 Adjustment Setup .............ceeceeeeeees 5-10 
2-2. Power Cable and Mains Plug Part 
Numbers... 00... sess eee sete eee neste 2-2 6-1:, Cabinet Parts ............ [3RRRE eee 6-19 
2-3. Hewlett-Packard Interace Bus Connection ...2-5 
Sah Front and:Reat Par el@emaors 8-1. Schematic Diagram Notes................... 8-2 
é 8-2, Front.Panel Removal ...))).) 29.7, Ree 8-6 
Connectors and Indicators ................. 3-2 : : ‘ (Ste 
; 8-3. Operational Amplifier Functional Circuits ...8-8 
3-2, Operator's Checks aii... eee ane 3-6 z 
: : 8-4. Dual D-Type. Flip-Flop. . ..... DAA ee 8-9 
3a, Operating Instructions es. ee ae 3-11 Wee 
i 8-5. -Four-Bit Bistable Latch .:. 0.02.05... 005% 0...8 8-9 
3-4. Power Meter Response Curve (Settling : 
: “oes 8-6. Dual J-K Master/Slave Flip-Flop and Gate 
Time for Analog Circuits) ................. 3-20 te 
35 M tDirsirigeiow@herticard: Pulse Timing. ...2..... 3... eee 8-10 
MMR carinii cho gy 8-7. Dual J-K Edge-Triggered Flip-Flop.......... 8-10 
Time for Digital Cirewitry)en 2a eee. 3-21 
2 : : 8-8. Programmable Counters ................... 8-11 
3-6. Operating Program Simplified : : 
8-9. 3-Line to 8-Line Decoder .................... 8-12 
Flow Char ;.¢os454 00h 5 te 5 he ees 3-22 SFO 48. Input Data Selector (Multiplesen 3.13 
3-7. Test of HP-IB Operation Flowchart ......... 3-24 y Gre asta 
: ; ; 8-11. LED. Display Driver . ............900% 7 eee 8-14 
3-8. 436A Quick Programming Guide............ 3-25 ieee 
; vie 8-12., Numeric Display . 2... co... ae 8-15 
3-9. Calculating Measurement Uncertainties ....3-32 
; 8-13. MOS and TTL:ROMS |... .3.-07),.00.e eee 8-15 
3-10. The Effect of Power Sensor Mismatch e 
8-14. Power Meter Operating Cycle............... 8-17 
on Measurement Accuracy ................ 3-34 : 
i , 8-15. Operating Program Flow Chart ............ 8-25 
3-11. Calculating Measurement Uncertainty 3 ; 
(Uncertainty ideas 3.35 8-16. HP-IB Verification Program 
patra ee Na a (HP 9830A Calculator) ..........0..00eeeee 8-70 
4-1. Zero Carryover Test Setup .........0...:0s.6: 4-2 8-17. HP-IB Verification Program 
4-2. Instrument Accuracy Test Setup............. 4-4 (HP 9820A Calculator) eee eee eee ee esac enn 8-95 
4-3. Calibration Factor Test Setup ............... 4-6 8-18. Analog-to-Digital Converter Simplified 
4-4. Power Reference Level Test Setup............ 4-8 Diagram and Waveforms................. 8-120 
8-19. HP-IB Listen Handshake Timing.......... 8-145 
5-1. DC Offset Adjustment Setup................. 5-3 8-20. Data Valid Status Generator Timing ...... 8-154 
5-2. Auto Zero Offset Adjustment Setup .......... 5-4 8-21. Overall Block Diagram .::. 2.2.00) 529.9%... 8-159 
5-3. Spike Balance Adjustment Setup ............ 5-5 8-22. AC Gain, A-D Converter and Display 
5-4. Multivibrator Adjustment Setup ............. 5-6 Circuits Block Diagram®». .¢0...20720745.. 8-161 
5-5. A-D Converter and Linear Meter 8-23. Controller and Counters Block Diagram ...8-163 
Adjustment Setupiisssc ¢3.82 92a 5-7 8-24. HP-IB (Opt. 022) Circuit Block Diagram ...8-165 


1V 


Model 436A 


Figure 
8-26 A1A1 Display Assembly Component 


8-27. 


8-28. 


8-29. 


8-30. 
8-31. 


8-32. 


8-33. 


8-34. 


8-35. 


8-36. 


8-37. 


Pocavons ek ns. sere ees eles) ae. 


A1A2 Pushbutton Assembly Component 


LEOCATIONS Heed aero esa eee hls 


Front Panel Assembly Schematic 


Dissramiascaccia cease ee eee 


A2 AC Gain Assembly Component, Test 


Point, and Adjustment Locations ...... 
AC Gain Assembly Schematic Diagram ... 


A1A3 CAL FACTOR % Switch 


Assembly Component Locations ...... 


A3 A-D Converter Assembly 
Components, Test Point, and 


Adjustment Locations................. 


A-D Converter Assembly Schematic 


PIAPTAIN Ae eee ee ee eee de Pie sald 


A4 Counter Relative Assembly 


Component and Test Point Locations ... 


Counter Relative Assembly Schematic 


Diagram: (a wenereneee os cies cane 


A5 Controller Assembly Component 


and Test Point Locations .............. 


Controller Assembly Schematic 


Table 


1-1: 
1-2. 


2-1. 


2-2. 
2-3. 


3-1. 
3-2. 
3-3. 
3-4. 


3-5. 


4-1. 


4-2. 
4-3. 


4-4. 


PIPECHICALIONS Stine tee aoe. fone «sila va eon 
Recommended Test Equipment .......... 


Line Fuse Ratings and Part Numbers.... 


Circuit Options 
USA Standard Code for Information 


interchanged ASL) Guana. A. oaces coe 


Message Reference Table ................ 
Measurement Sequence................-- 


Hewlett-Packard Interface Bus Input 


POC tAMGOUesae meat tee irs wrole es er 


Hewlett-Packard Interface Bus Output 


DataSiringy east es os Ores oe aioe one 


Power Meter Remote Access Time to 


First Output Data Character .......... 


Zero Carryover Autorange Digital 


Readout Resultsere es eons hake 
Instrument Accuracy Test Results ........ 


Instrument Accuracy Test Results for 


OB FREE) Mode ieee eee te eon a ccs ois 


eee eee eee eee eee eee ese sees 


Contents 
ILLUSTRATIONS (cont'd) 
Page Figure Page 
8-38. A6 HP-IB (Option 022) Control Assembly 
8-169 Component and Test Point Locations ....8-178 
8-39. HP-IB (Option 022) Control Assembly 
8-169 Schematic Dingram is) sidot bees wel uriesc 8-179 
8-40. A7 HP-IB (Option 022) Input/Output 
8-169 Assembly Component and 
‘Test Point Locations 2 Giis.ci ae eee 8-181 
8-171 8-41. HP-IB (Option 022) Input/Output 
8-171 Assembly Schematic Diagram........... 8-181 
8-44. A8 Power Reference Oscillator Assembly 
8-173 Component, Test Point, and 
Adjustment Rocations i .Gs5 22. vedi. 22 8-187 
8-45. Power Reference Oscillator Assembly 
8-173 Schematic Diagrams... 2 h.chcs esse es0 ss 8-187 
8-46. AQ Power Supply Rectifier and Regulator 
8-173 Assembly Component and 
Vest CO Mt uoCaMOnSia erie: ope Fee 8-189 
8-175 8-47. Rear Panel Mounted Power Supply 
Component Locationse.4s283.).a ee. es a 8-189 
8-175 8-48. Power Supply Rectifier and Regulator 
Assembly Schematic Diagram........... 8-189 
8-177 8-49. Rear View of Front Panel (Removed)....... 8-191 
8-50. Top Internal View Standard Instrument ...8-191 
8-177 8-51. Top Internal View HP-IB 2.09A%.....0.. 8-191 
TABLES 
Page Table Page 
TeLe2 4-5. Performance Test Record ................... 4-10 
veadoo 
5-1. Factory Selected Components ............... 5-2 
WZ! 
eo2-4 6-1. Reference Designators and Abbreviations... .6-2 
6-2, Replaceable Partseus7e) -Cernateiceek G2 ene hi 6-4 
| 6-3. Code List of Manufacturers................. 6-21 
Mea-Lo 7-1. Manual Changes by Serial Number .......... 7-1 
...3-16 7-2. Summary of Manual Changes by Page 
Number). 44a ee seen ae oe 7-2 
FROM 
8-1. Logic Levels and Power Requirements ....... 8-9 
». £3719 8-2. Program Mnemonic Descriptions ........... 8-20 
8-3. Standard Instrument Checkout............. 8-52 
:..d-20 8-4. HP-IB Circuit Troubleshooting ............. 8-99 
8-6. Operating Program Description ........... 8-124 
8-7. Up/Down Count Control Logic Steering ...8-139 
100 43 8-8. Function Decoder Clock Selection.......... 8-149 
2 4-5 8-9. Programming Command Logic Operating 
SSAIEIILEAT Vie aire tetris cele oiehs 8-149 
Meee Es) 8-10. Power Meter Talk HP-IB Output Data 
oe EY PROUD AU ee ote wie Mae ts Sisal ees ay ne 8-155 


Calibration Factor Test Results.......... 


Contents Model 436A 


SERVICE SHEETS 
Service Sheet Page Service Sheet Page ¢ 
1 Overall Block Diagram...................... 8-159 8 A-D Converter Assembly (A1A3, A3)......... 8-173 
2 AC Gain, A-D Converter, and Display 9 Counter Relative Assembly (A4) ............. 8-175 
Circuits Block Diagram (A1A1, A2, A3) ...8-161 10 Controller Assembly (A5) ................05. 8-177 
3 Controller and Counters Block Diagram 11 HP-IB (Option 022) Control Assembly (A6) .. .8-179 
(ATAZ DAL AS) ehh Pah aca vee tend Pete teks 8-163 12 HP-IB (Option 022) Input/Output 
4 HP-IB (Option 022) Circuit Block Diagram Assembly (AZ) 5 :e:e:e:e:o:e:0.070is «orc ee 8-181 
(AG SAT SES ae Fa eee ee 8-165 14 Power Reference Oscillator Assembly (A8) .. .8-187 
6 Front Panel Assembly (A1A1, A1A2) ........ 8-169 15 Power Supply Rectifier and Regulator 
7 AC Gain Assembly (A2) 2.02.23 te ae. 8-171 Assembly (A9,A10) .. 0.0... 29.0. 00020 eee 8-189 


vi 


Model 436A 


Safety Considerations 


SAFETY CONSIDERATIONS 


GENERAL 


This product and related documentation must be 
reviewed for familiarization with safety markings 
and instructions before operation. 


This product is a Safety Class I instrument (pro- 
vided with a protective earth terminal). 


BEFORE APPLYING POWER 


Verify that the product is set to match the avail- © 


able line voltage and the correct fuse is installed. 


SAFETY EARTH GROUND 


An uninterruptible safety earth ground must be 
provided from the main power source to the pro- 
duct input wiring terminals, power cord, or sup- 
plied power cord set. 


WARNINGS 


Any interruption of the protective (grounding) 
conductor (inside or outside the instrument) or 
disconnecting the protective earth terminal will 
cause a potential shock hazard that could result in 
personal injury. (Grounding one conductor of a 
two conductor outlet is not sufficient protection.) 
In addition, verify that a common ground exists 
between the unit under test and this instrument 
prior to energizing either unit. 


Whenever it is likely that the protection has been 
impaired, the instrument must be made inoperative 
and be secured against any unintended operation. 


If this instrument is to be energized via an auto- 
transformer (for voltage reduction) make sure the 
common terminal is connected to neutral (that is, 
the grounded side of the mains supply). 


Servicing instructions are for use by service- 
trained personnel only. To avoid dangerous elec- 
tric shock, do not perform any servicing unless 
qualified to do so. 


Adjustments described in the manual are per- 
formed with power supplied to the instrument 


while protective covers are removed. Energy avail- 
able at many points may, if contacted, result in 
personal injury. 


Capacitors inside the instrument may still be 
charged even if the instrument has been discon- 
nected from its source of supply. 


For continued protection against fire hazard, re- 
place the line fuse(s) only with 250V fuse(s) of the 
same current rating and type (for example, normal 
blow, time delay, etc.). Do not use repaired fuses or 
short circuited fuseholders. 


SAFETY SYMBOLS 


/\ Instruction manual symbol: the product 
will be marked with this symbol when it is 
necessary for the user to refer to the in- 
struction manual (see Table of Contents for 

page references). 


Indicates hazardous voltages. 


Indicates earth (ground) terminal. 


WARNING | 


iE WS 


The WARNING sign denotes a 
hazard. It calls attention to a 
procedure, practice, or the like, 
which, if not correctly performed 
or adhered to, could result in per- 
sonal injury. Do not proceed be- 
yond a WARNING sign until the 
indicated conditions are fully 
understood and met. 


The CAUTION sign denotes a 
hazard. It calls attention to an 
operating procedure, practice, or 
the like, which, if not correctly 
performed or adhered to, could 
result in damage to or destruc- 
tion of part or all of the product. 
Do not proceed beyond a CAU- 
TION sign until the indicated 
conditions are fully understood 
and met. 


CAUTION 
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Figure 1-1. HP Model 436A Power Meter and Accessories Supplied 
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General Information 


SECTION |! 
GENERAL INFORMATION 


1-1. INTRODUCTION 


1-2. This manual provides information pertaining 
to the installation, operation, testing, adjustment 
and maintenance of the HP Model 436A Power 
Meter. 


1-3. Figure 1-1 shows the Power Meter with 
accessories supplied. 


1-4. Packaged with this manual is an Operating 
Information Supplement. This i$ simply a copy of 
the first three sections of this manual. This 
supplement should be kept with the instrument for 
use by the operator. Additional copies of the 
Operating Information Supplement may be 
ordered through your nearest Hewlett-Packard 
office. The part numbers are listed on the title page 
of this manual. 


1-5. On the title page of this manual, below the 
manual part number, is a ‘Microfiche’ part 
number. This number may be used to order 
4x6-inch microfilm transparencies of the manual. 
The microfiche package also includes the latest 
Manual Changes supplement as well as all pertinent 
Service Notes. 


1-6. SPECIFICATIONS 


1-7. Instrument’ specifications are listed in 
Table 1-1. These specifications are the performance 
standards or limits against which the instrument 
may be tested. 


1-8. INSTRUMENTS COVERED BY MANUAL 


1-9. Power Meter Options 0038, 004, and 022 are 
documented in this manual. The differences are 
noted in the appropriate location such as 
OPTIONS in Section I, the Replaceable Parts List, 
and the schematic diagrams. 


1-10. This instrument has a_ two-part serial 
number. The first four digits and the letter 
comprise the serial number prefix. The last five 
digits form the sequential suffix that is unique to 
each instrument. The contents of this manual 
apply directly to instruments having the same serial 


number prefix(es) as listed under SERIAL 
NUMBERS on the title page. 


1-11. An instrument manufactured after the 
printing of this manual may have a serial prefix 
that is not listed on the title page. This unlisted 
serial prefix indicates that the instrument is 
different from those documented in this manual. 
The manual for this instrument is supplied with a 
yellow Manual Changes supplement that contains 
change information that documents the 
differences. 


1-12. In addition to change information, the 
supplement may contain information for cor- 
recting errors in the manual. To keep this manual 
as current and accurate as possible, Hewlett- 
Packard recommends that you periodically request 
the latest Manual Changes supplement. The 
supplement for this manual is keyed to the 
manual’s print date and part number, both of 
which appear on the title page. Complimentary 
copies of the supplement are available from 
Hewlett-Packard. 


1-138. For information concerning a serial number 
prefix not listed on the title page or in the Manual 
Changes supplement, contact your nearest Hewlett- 
Packard office. 


1-14. DESCRIPTION 


1-15. The Power Meter is a precision digital- 
readout instrument capable of automatic and 
manual measurement of RF and Microwave power 
levels. It is designed for interconnection with a 
compatible Power Sensor (refer to Table 1-1, 
Specifications) to form a complete power measure- 
ment system. The frequency and power range of 
the system are determined by the particular Power 
Sensor selected for use. With the Power Sensors 
available, the overall frequency range of the system 
is 100 kHz to 18 GHz, and the overall power range 
is —70 to +35 dBm. 


1-16. Significant operating features of the Power 
Meter are as follows: 
e Digital Display: The display is a four-digit, 
seven-segment LED, plus a sign when in the 
dBm or dB (REL) mode. It also has under- and 
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Model 436A 


Table 1-1. Specifications 


Frequency Range: 


100 kHz to 26.5 GHz (depending on power sensor used). 


Power Range: 
(display calibrated in watts, dBm, and GB relative to 
reference power level). 


With 8481A, 8482A, or 8483A sensors: 50 dB with 5 
full scale ranges of —20, —10, 0, 10, and 20 dBm 
(10 uW to 100 mW). 


With 8481B or 8482B sensors: HP 84818 is 44 dB 
(1 mW to 25W) at 0 to 35°C and HP 84828 is 43 dB 
(1 mW to 20W) at 35°C to 55°C with 5 ranges of 
10, 20, 30, 40 and 48 or 44 dBm. 


With 8481H or 8482H sensors: 45 dB with 5 ranges 
of 0, 10, 20, 30 and 35 dBm (1 mW to 3W). 


With 8484A sensor: 50 dB with 5 full scale ranges of 
—60, —50, —40, —30, and —20 dBm (1 nW to 
10 uW). 


Accuracy: 
Instrumentation’ : 
Watt mode: +0.5%. 
dBm mode: +0.02 dB +0.001 dB/°C. 
dB [REL] mode?: +0.02 dB +0.001 dB/°C. 

Zero: Automatic, operated by front panel switch. 

Zero set: 0.5% of f'ull scale on most sensitive range. 
typical, +1 count on other ranges. 

Zero carry over: +0.2% of full scale when zeroed on 
the most sensitive range. 

Noise (typical, at constant temperature, peak change 
over any one-minute interval): 20 pW (8484A); 
40 nW (8481A, 8482A, 8483A); 4 uW (8481H, 
8482H). 

Drift (1 hour, typical, at constant temperature after 
24-hour warm-up); 20 pW (8484A); 10 nW (84814, 
8482A, 8483A); 1.0 uW (8481H, 8482H). 

Power Reference: Internal 50 MHz oscillator with 
Type N Female connector on front panel (or rear 
panel, Option 003 only). 


Power output: 1.00 mW. 

Factory set to +0.7%, traceable to the National 
Bureau of Standards. 

Accuracy: +1.2% worst case (+0.9% rss) for one 
year (0°C to 55°C). 


SPECIFICATIONS 


lincludes sensor non-linearity. Add +2, —4% on top range when using the 8481A, 8482A, or 8483A power sensors. 


Specifications are for within range measurements. For range-to-range accuracy add the range uncertainties. 


Response Time: 
(0 to 99% of reading, five time constants) 


Range 1 (most sensitive) <10 seconds. 
Range 2 <1 second 

Range 3—5 <100 milliseconds. 
(Typical, measured at recorder output). 


Cal Factor: 
16-position switch normalizes meter reading to ac- 
count for calibration factor or effective efficiency. 
Range 85% to 100% in 1% steps. 


Cal Adjustment: 
Front panel adjustment provides capability to adjust 
gain of meter to match power sensor in use. 


Recorder Output: 
Proportional to indicated power with 1 volt corre- 
sponding to full scale and 0.316 volts to —5 dB; 
1 kQ output impedance, BNC connector. 


RF Blanking Output: 
Open collector TTL; low corresponds to blanking 
when auto-zero mode is engaged. 


Display: 
Digital display with four digits, 20% over-range capa- 
bility on all ranges. Also, uncalibrated analog peak- 
ing meter to see fast changes. 


Power Consumption: 
100V + 10%, 48 to 66 Hz and 360 to 440 Hz. 
120V +5%, —10%, 48 to 66 Hz and 360 to 440 Hz. 
220 or 240V +5%, —10% 48 to 66 Hz. 
Typically less than 24 watts (<25 watts for Opt. 
022), 60 V-A maximum. 


Dimensions: 
134 mm High (5-1/4 inches). 
213 mm Wide (8-3/8 inches). 
279 mm Deep (11 inches). 


Net Weight: 4.5 kg (10 lbs). 


) 
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DESCRIPTION (cont’d) 


overrange indicators. There is a 20 percent 
overrange capability in all ranges. Large 
10 mm (0.375 inch) digits are easy to see even 
in a high glare environment. 


Auxiliary Meter: Complements the digital 
display by showing fast changes in power level. 
Ideal for “peaking” transmitter output or 
other variable power devices. 


Choice of Display in Watts, dBm or dB: 
Absolute power can be read out in watts or 
dBm. Relative power measurements are made 
possibile with the dB [REF] switch. Pressing 
this switch zeros the display for any applied 
input power and any deviation from this 
reference is shown in dB with a resolution of 
+0.01 dB. This capability is particularly useful 
in frequency response testing. 


Power Units and Mode Annunciator: The units 
annunciator provides’ error-free display 
interpretation by indicating appropriate power 
units in the watt mode. The mode annunciator 
indicates the mode of operation: dBm, dB 
(REL), ZERO or REMOTE. 


Completely Autoranging: The Power Meter 
automatically switches through its 5 ranges to 
provide completely ‘‘hands off’’ operation. 
The RANGE HOLD switch locks the Power 
Meter in one of its ranges when autoranging is 
not desired. 


Automatic Sensor Recognition: The Power 
Meter continually decodes the sensitivity of 
the Power Sensor to which it is connected. 
This information is then used to automatically 
control the digital display decimal point 
location and, when WATT MODE operation is 
selected, to light the appropriate power units 
annunciator. 


Auto Zero: Zeroing the meter is accomplished 
by merely depressing the SENSOR ZERO 
switch and waiting until the display shows all 
zeros before releasing it. The meter is ready to 
make measurements as soon as the zero light 
in the mode annunciator goes off. 


RF Blanking Output: Open collector TTL; low 
corresponds to blanking when the sensor zero 
is engaged, May be used to remove the RF 
input signal connected to the power sensor. 


Calibration Accuracy: A 1.00 mW, 50 MHz 
reference output is available at the front panel 


General Information 


for calibrating the Power Meter and the Power 
Sensor as a system. Calibration is accomp- 
lished using the CAL ADJ and CAL FACTOR 
% controls. The CAL ADJ control compen- 
sates for slight differences in sensitivity 
associated with a particular type of Power 
Sensor and the CAL FACTOR % control 
compensates for mismatch losses and effective 
efficiency over the frequency range of the 
Power Sensor. 


e Recorder Output: Provides a linear output 
with respect to the input power level. For 
each range, a +1.00 Vdc output corresponds 
to a full scale input power level. Refer to 
Table 1-1, Specifications, for the full-scale 
range values associated with the various types 
of Power Sensors available. 


1-17. The Hewlett-Packard Interface Bus (HP-IB) 
Option 022 allows full remote control operation 
of all the power meter functions (CAL FACTOR 
can be programmed to either 100% or the CAL 
FACTOR which has been manually set on the 
front panel). This option may be added by the user 
at a later time as his requirements grow. 


1-18. OPTIONS 


1-19. Input-Output Options 


1-20. Option 003. A rear panel POWER REF 
OUTPUT connector replaces the standard front 
panel connector. 


1-21. Option 004. The 1.5 metre (5 ft.) power sen- 
sor cable is not shipped with the power meter. 


1-22. Remote Control Options 


1-23. Option 022 adds remote interface capability 
to the Power Meter. Option 022 is compatible with 
the Hewlett-Packard Interface Bus (AH1, CO, DC2, 
DT1, L2, LEO, PPO, RL2, SH1, SRO, T3, TEO). 


1-24. Option 022 may be ordered in kit form 
under HP part number 00436-60035. The kit 
contains a control assembly printed-circuit board, 
an input/output assembly printed circuit board, 
and a data cable for interconnection. 
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General Information 


1-25. ACCESSORIES SUPPLIED 


1-26. The accessories supplied with the Power 
Meter are shown in Figure 1-1. 


a. The1.5 metre (5 ft.) Power Sensor Cable, 
HP 11730A, is used to couple the Power Sensor to 
the Power Meter. Order option 004 to delete the 
standard 1.5 metre cable. 


b. The line power cable may be supplied in 
one of four configurations. Refer to the paragraph 
entitled Power Cables in Section II. 


c. An alignment tool for adjusting the CAL 
ADJ front panel control (HP Part No. 8710-0630). 


1-27. EQUIPMENT REQUIRED BUT NOT 
SUPPLIED 


1-28. To form a complete RF power measurement 
system, a Power Sensor such as the HP Model 
8481A must be connected to the Power Meter via 
the Power Sensor cable. 


1-29. EQUIPMENT AVAILABLE 


1-30. The HP Model 11683A Range Calibrator is 
recommended for performance testing, adjusting, 
and troubleshooting the Power Meter. The Power 
Meter’s range-to-range accuracy and auto-zero 
operation can easily be verified with the Calibrator. 
It also has the capability of supplying a full-scale 
test signal for each range. 


1-31. Two extender boards (HP Part Numbers 
5060-0258, and 5060-0630; 24 and 44 pins 
respectively) enable the Power Meter printed 
circuit assemblies to be accessed for service. 
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Rubber bumpers (HP Part No. 0403-0015) should 
be installed on the extender boards to prevent the 
boards from touching. 


1-32. The following table lists the cable accessories 
and their lengths that are available for use with the 
Power Meter. Order option 004 if the standard 1.5 
metre cable is not desired with a cable accessory. 


Cable Accessory Cable Length 


HP 11730B 3.0 m (10 ft) 
HP 11730C 6.1 m (20 ft) 
HP 11730D 15.2 m (50 ft) 
HP 11730E 30.5 m (100 ft) 


HP 11730F 61.0 m (200 ft) 


1-33 RECOMMENDED TEST EQUIPMENT 


1-34. The test equipment shown in Table 1-2 is 
recommended for use during performance testing, 
adjustments, and troubleshooting. To ensure 
optimum performance of the Power Meter, the 
specifications of a substitute instrument must 
equal or exceed the critical specifications shown in 
the table. 


1-35 SAFETY CONSIDERATIONS 


1-36. The Power Meter is a Safety Class I 
instrument. This instrument has been designed 
according to international safety standards. 


1-37. This operating and service manual contains 
information, cautions, and warnings which must be 
followed by the user to ensure safe operation and 
to retain the instrument in safe condition. 


Model 436A General Information 


Table 1-2. Recommended Test Equipment 


a) rue Suggested 
Instrument Type Critical Specifications Model 


Digital Voltmeter | Function: DC, resistance 
Range Resistance: 200 ohms 
Vde: 100 mVdc, 1000 mVdc, 10 Vde, 100 Vde 
10MQQ input impedance 
6-digit resolution (40.05% of reading, +0.02% of range) 


Power Meter Range: 1 mW HP 432A 
Transfer Accuracy (input -to-output): 0.2% 


Thermistor SWR: 1.05, 50 MHz HP eee -H75** 


Mount Accuracy: +0.5% at 50 MHz HP 478A-H76*** 


Counter Frequency Range: 220 Hz, 50 MHz HP 5315A 
Sensitivity: 100 mVrms 
Accuracy: 0.01% 

Oscilloscope Bandwidth: de to 50 MHz HP 180C/ 
Vertical Sensitivity: 0.2V/division 1801A/1821A 
Horizontal Sensitivity: 1 ms/division 


Logic Analyzer Clock Input: 60 kHz HP 1600A 
Trigger Word: 8 Bits 
Bit Input: TTL 
Display Word: 8 Bits 


*P = Performance Tests; A = Adjustments; T = Troubleshooting 
**HP 478A-H75 must be calibrated at the National Bureau of Standards (NBS) for this accuracy. 
***HP 478A-H76 includes HP standards lab calibration to + 0.58% at 50 MHz (traceable to NBS). 
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Herstellerbescheinigung 


Hiermit wird bescheinigt, dass dieses Gerat/Sys- 
tem in Ubereinstimmung mit den Bestimmungen 
von Postverfiigung 1046/84 funkenstort ist. 


Der Deutschen Bundespost wurde das Inverkehr- 
bringen dieses Gerates/Systems angezeigt und die 
Berechtigung zur Uberpriifung der Serie auf Ein- 
haltung der Bestimmungen eingeraumt. 


Zusatzinformation fiir Mess- und Testgerate: 


Werden Mess- und Testgerate mit ungeschirmten 
Kabeln und/oder in offenen Messaufbauten ver- 
wendet, so ist vom Betreiber sicherzustellen, dass 
die Funk-Entstérbestimmungen unter Betriebs- 
bedingungen an seiner Grundstiicksgrenze ein- 
gehalten werden. 


Manufacturer’s Declaration 


This is to certify that this product meets the radio 
frequency interference requirements of Directive 
FTZ 1046/1984. The German Bundespost has been 
notified that this equipment was put into circula- 
tion and has been granted the right to check the 
product type for compliance with these require- 
ments. 


Note: If test and measurement equipment is oper- 
ated with unshielded cables and/or used for meas- 
urements on open set-ups, the user must insure 
that under these operating conditions, the radio 
frequency interference limits are met at the border 
of his premises. 
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MANUAL CHANGES 


MANUAL IDENTIFICATION 


Model Number: HP 436A 
Date Printed: July 1984 
Part Number: 00436-90034 


POWER METER 


This supplement contains important information for correcting manual errors and for adapting the 
manual to instruments containing improvements made after the printing of the manual. 


To use this supplement: 
Make all ERRATA corrections 
Make all appropriate serial number related changes indicated in the tables below. 


Serial Prefix or Number Serial Prefix or Number 


2432A, 2432U 
2446A, 2446U 


2512A, 2512U 
2539A, 2539U 


> 2604A, 2604U 


Make Manual Changes Make Manual Changes 


> NEW ITEM 


ERRATA 


Page 1-5, Table 1-2: 
In the “Suggested Model” column for the “Thermistor Mount” delete one asterisk (*) next to “HP 
478A-H76”. 


At the bottom of the table replace the two notes with the following note: 


**For maximum accuracy the 478A-H75 should be calibrated by the National Bureau of Standards. 
The 478A-H76, which includes HP Standards Laboratory calibration, may be used with a measure- 
ment system accuracy of 0.58% instead of 0.5%. 


Page 2-3, paragraph 2-26: 
Add “OPTION 908” after “a.” of item a. 
Change “5061-0077” to “5061-9677”. 

Add “OPTION 913” after “‘b.” of item b. 
Change “5061-2071” to “5061-9771”. 


Page 2-3, paragraph 2-27: 
Add “OPTION 907” before “In”. 
Change “5061-0089” to “5061-9689”. 


Page 5-13, paragraph 5-23: 
Step 2. Change the RANGE setting to “1 mW”. 
Step 4. Add the following steps: 

e. Adjust CAL ADJ for 1.00 mW. 

f. Set the Range Calibrator RANGE switch to 10 mW. 


NOTE 


Manual change supplements are revised as often as necessary to keep manuals as current and accurate as possible. Hewlett-Packard 
recommends that you periodically request the latest edition of this supplement. Free copies are available from all HP offices. When 
requesting copies quote the manual identification information from your supplement, or the model number and print date from the title 
page of the manual. 


10 January 1986 G HEWLETT 
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ERRATA (cont'd) 


Page 5-14, paragraph 5-23: 
Step 8. Change step 8 to the following: 
Measure the dc voltage at A9TP4 (+15V). This voltage should be between +14.5 and +15.5 volts de. 


Page 6-4, Table 6-2: 
A1A1l. The recommended replacement for A1A1, if it fails, is found in CHANGE 1. (When replacing the 00436-60007 
Display Board Assembly with the 00436-60062 Display Board Assembly, be sure to change A2R71-A2R73 to the 
value listed in CHANGE 1. 


Page 6-7, Table 6-2: 
A2R81. The recommended replacement for A2R81, if it fails, is found in CHANGE 4. 


Page 6-16, Table 6-2: 
A8A1R4. The recommended replacement for A8A1R4, if it fails, is found in CHANGE 2. (A8A1R5 must be replaced if 
A8A1R4 is being replaced). 
A8A1R5. The recommended replacement for A8A1R85, if it fails, is found in CHANGE 2. (A8A1R4 must be replaced if 
A8A1R35 is being replaced). 


> Page 6-17, Table 6-2: 
All. The recommended replacement for A11, if it fails, is found in Change 5. If Al1 is being replaced, S1C2, also found 
in Change 5, must be replaced. Refer to the partial schematic in Change 5 for S1C2 placement. 


> Page 6-18, Table 6-2: 
MP22. The recommended replacement for MP22, if it needs to be replaced, is found in Change 5. 


Page 6-20, Table 6-2: 
> $1. The recommended replacement for S1, if it needs to be replaced, is found in Change 5. 
> Tl. The recommended replacement for T1, if it fails, is found in Change 5. 
U1. Add the following part number and description below U1: 
1200-0041 CD6 SOCKET-XSTR 2-CONT TO-3 SLDR-EYE. 
W10. The recommended replacement for W10, if it needs to be replaced, is found in CHANGE 1. 


Service Sheets (Block diagrams and schematics): 
Delete any reference to Service Sheets 5 and 13. 


Service Sheet 7 (schematic): 
Add the following note to the waveform below U8 (right side of schematic): 
“The sinewave is centered around 0 Vdc.” 


Service Sheet 10 (schematic): 
Delete the “6” associated with YRR1, YRR2 and YRR32 at the bottom of the Al0 assembly (left side of schematic). 


Service Sheet 15, Figure 8-46: 
Change‘Cl- to. G27, 
Charige “C27 to Cle. 
Change*‘CRa’ to “CRS 
Change ‘CR5” tonCka:, 


Service Sheet 15 (schematic): 
Change the termination of the junction of A9C3 and A9C4 (center of schematic) to the line connected to “pin 35”. 
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CHANGE 1 
Page 6-4, Table 6-2: 
A1Al. Change the part number for the A1A1 assembly to the following: 00436-60062 CD2. 
A1A10S11. Add A1A1DS11 using the following part number and description: 
1990-1008 CDO DISPLAY-NUM-SEG 5-CHAR .3-H RED. 
A1A1DS11. Add the following part number and description below A1A1DS811: 
1400-1292 CD5 QTY 10 MOUNT LED 0.120 +.005 IN ID; 0.187 (These parts are placed between the LEDs 
[A1A1DS1—A1A1DS10] and the printed circuit board.) 
AlAIR1. Change the part number for A1A1R1 to the following: 1810-0603 CD9. 
A1A1R3. Change the part number and description for A1A1R3 to the following: 
0757-0416 CD7 RESISTOR 511 1% .125W F TC=0+100. 
AlAIR8—AIAIR11: Add A1LA1R8—A1A1R11 using the following part number and description: 
0757-0442 CD9 RESISTOR 10K 1% .125W F TC=0+100. 
A1A1U1—AIA1U4. Change the part numbers for A1A1U1—A1A1U4 to the following: 1820-3395 CD3. 
A1A1U6—AIA1U10. Delete ALA1LU6—A1A1U10. 


Page 6-7, Table 6-2: 
A2R71—A2R73. Change the part numbers and descriptions for A2R71—A2R73 to the following: 
0757-0416 CD7 RESISTOR 511 1% .125W F TC=0+100. 


Page 6-20, Table 6-2: 
W10. Change the part number for W10 to the following: 00436-60029 CD1. 


Service Sheet 6: 
Replace Figure 8-26 with the figure contained in this change sheet. 


A1A1 ASSEMBLY 


e (CIRCUIT SIDE) 


NOTE: M1 IS PART OF THE NEXT (CIRCUIT SIDE) 
HIGHER ASSEMBLY (A1). 


Figure 8-26. A1A1 Display Assembly Component Locations (P/O Change 1) 


Replace the portion of Figure 8-28 with the figure contained in this change sheet. 

On the upper left side and upper right side of the schematic, change the part number of the A1lA1 assembly to 
00436-60062. 

On the schematic (upper right side) change the value of R3 to 511. 

On the display (upper right side) delete the designator U6. 

Above the display (upper right side) add “P/O DS11”. 

In the Transistor and Integrated Circuit Part Numbers table (right side of schematic) make the following changes: 

Change A1U1—A1U4 to A1A1U1—A1A1U4 with the part number of 1820-3395. 
- Delete A1U6—A1U10. 

Add DS11 with a part number of 1990-1008. 
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CHANGE 1 (cont'd) 
In the Integrated Circuit Voltage and Ground Connections table (right side of schematic) make the following ( 


changes: 
Change A1U1—A10U4 to AIA1U1—A1A104. 
For ALA1U1—A1A1U4 change the pin number for +5VF to 18 and change the pin number for ground to 9 and 10. 


Delete A1U6—A1U10. 


P/O A10 Motherboard A1 Front Panel Assembly (00436-60020) 
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CHANGE 1 (cont'd) 


& Service Sheet 7 (schematic): 
Change the value of A2R71—A2R73 (right side of schematic) to 511. 


CHANGE 2 


Page 6-16, Table 6-2: 
A8A1R4. Change the part number and description for A8A1R4 to the following: 
2100-3109 CD2 RESISTOR-TRMR 2k 10% C SIDE-ADJ 17 TRN. 
A8A1R5. Change the part number and description for A8A1R5 to the following: 
0811-3682 CD1 RESISTOR 6.8k 1% .05W PWW TC=0+10. 


Service Sheet 14 (schematic): 
Change the value of R4 (lower left side of schematic) to 2k. 
Change the value of R5 (lower left side of schematic) to 6.8k. 


CHANGE 3 


Page 2-3, Paragraph 2-26: 
In the second sentence change “5061-0057” to “5061-9657”. 


Page 6-18, Table 6-2: 
MP6. Change the part number and description for MP6 to the following: 
0515-1331 CD5 SCREW-METRIC SPECIALTY M4 X 0.7 THD: 6 

MP10. Change the part number for MP10 to the following: 5021-5815 CD6 

MP11. Change the part number for MP11 to the following: 5021-5879 CD2 

MP14. Change the part number for MP14 to the following: 5061-9571 CD3 

MP18. Change the part number for MP18 to the following: 00436-00035 CD3 
yh MP19. Change the part number for MP19 to the following: 5021-5816 CD7 


CHANGE 4 
Page 6-4, Table 6-2: 
A1A1R8 through A1A1R11. Change the part numbers and descriptions for A1A1R8 through A1A1R11 to the following: 
0698-3155 CD1 RESISTOR 4.64k 1% .125W F TC=0+100. 


Page 6-7, Table 6-2: 
A2R71 through A2R73. Change the part numbers and descriptions for A2R71 through A2R73 to the following: 
0698-3446 CD3 RESISTOR 383 1% .125W F TC=0+100. 
A2R81. Change the part number and description for A2R81 to the following: 
0698-3158 CD4 RESISTOR 23.7k 1% .125W F TC=0+100. 


Service Sheet 6 (schematic): 
On the A1A1 assembly (left side of schematic) change the value of R8 through R11 to 4.64k. 


Service Sheet 7 (schematic): 
On the A2 assembly (left side of the schematic) change the value of R81 to 23.7k. 
On the A2 assembly (right side of schematic) change the value of R71 through R73 to 383. 


> CHANGE 5 
Page 6-17, Table 6-2: 
All. Change the part number and description for A11 to the following: 0960-0443 CD1 LINE MODULE-FILTERED 
(A11 is part of S1. A11 does not include S1C2; when A11 is being replaced, replace S1C2.) 


MP22. Change the part number for MP22 to the following: 


> - Page 6-18, Table 6-2: 
7100-1282 CD3 
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CHANGE 5 (cont'd) 
Page 6-20, Table 6-2: 
$1. Change the part number and description for S1 to the following: 00436-60065 CD5 LINE SWITCH ASSEMBLY 
(S1 includes All, S1C1 and S1C2.) 
$1C€1. Add the following part number and description: 
S1C1 0160-4065 CD5 CAPACITOR-FXD .1UF +20% 250 VAC(RMS) 
(S1C1 is part of $1.) 
$12. Add the following part number and description: 
S1C2 0160-4065 CD5 CAPACITOR-FXD .1UF +20% 250 VAC(RMS) 
(S1C2 is not part of All. S1C2 is part of S1.) 
$106. Delete S1C6. 
Tl. Change the part number for Ti to the following: 9100-4480 CD1 
TBI. Delete TB1 


Service Sheet 14, Figure 8-44: 
Replace Figure 8-44 with Figure 8-44 in Change 5. 


Service Sheet 15, Figure 8-48: 
Replace the portion of Figure 8-48 with the partial schematic found in Change 5. 
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Figure 8-44. A8A1 Power Reference Oscillator Board Assembly Component, Test Point and Adjustment Locations (P/O Change 5) 
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A11 Line Power Module (0960-0443) 


| 
220 VAC 100 VAC 
[zzovac i 120VAC | 


( See Note 4) 


NOTES 
1. Unless otherwise indicated: 
Capacitance in picofarads. 
2. RMS value shown for all AC 
voltages. 


3. 0.75A fuse installed for 100VAC, 
120VAC line input; 0.375A fuse 
installed for 220VAC, 240VAC line 
input. 


4. TB1 is not seperately replaceable. 


T Backdating is found in Section VII 


P/O Figure 8-48. Power Supply Rectifier and Regulator Assembly Schematic Diagram (P/O Change 5) 
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SECTION II 
INSTALLATION 


2-1. INTRODUCTION 


2-2. This section provides all information neces- 
sary to install the Power Meter. Covered in the 
section are initial inspection, power requirements, 
line voltage selection, interconnection, circuit 
options, mounting, storage, and repackaging for 
shipment. 


2-3. INITIAL INSPECTION 


2-4. Inspect the shipping container for damage. If 
the shipping container or cushioning material is 
damaged, it should be kept until the contents of 
the shipment have been checked for completeness 
and the instrument has been checked mechanically 
and electrically. The contents of the shipment 
should be as shown in Figure 1-1. Procedures for 
checking electrical performance are given in 
Section IV. If the contents are incomplete, if there 
is mechanical damage or defect, or if the instru- 
ment does not pass the electrical performance test, 
notify the nearest Hewlett-Packard office. If the 
shipping container is damaged, or the cushioning 
material shows signs of stress, notify the carrier as 
well as the Hewlett-Packard office. Keep the 
shipping materials for the carrier’s inspection. 


2-5. PREPARATION FOR USE 
2-6. Power Requirements 


2-7. The Power Meter requires a power source of 
100, 120, 220, or 240 Vac, +5%, —10%, 48 to 
440 Hz single phase. Power consumption is approx- 
imately 20 watts. 


WARNING 


If this instrument is to be energized via an 
autotransformer for voltage reduction, make 
sure the common terminal is connected to the 
earthed pole of the power source. 


2-8. Line Voltage and Fuse Selection 


CAUTION 


BEFORE PLUGGING THIS INSTRUMENT 
into the Mains (line) voltage, be sure the cor- 
rect voltage and fuse have been selected. 


2-9. A rear panel, line power module permits 
operation from 100, 120, 220, or 240 Vac. The 
number visible in the window (located on the 
module) indicates the nominal line voltage to 
which the instrument must be connected. Verify 
that the line voltage selection card and the fuse 
are matched to the power source. Refer to Figure 
2-1, Line Voltage and Fuse Selection. Table 2-1 
lists the ratings and HP part numbers for the 


replaceable fuses. 
WARNING 


For protection against fire hazard, the 
line fuse for 220/240V operation should 
only be a 250V slow blow fuse with the 
correct current rating. 


Operating voltage is shown 
in module window. 


SELECTION OF OPERATING VOLTAGE 


. Open cover door, pull the FUSE PULL lever and rotate to 
left. Remove the fuse. 


. Remove the Line Voltage Selection Card. Position the card 
so the line voltage appears at top-left corner. Push the card 
firmly into the slot. 


. Rotate the FUSE PULL lever to its normal position. Insert 
a fuse of the correct value in the holder. Close the cover 


door. 


To avoid the possibility of hazardous electri- 
cal shock, do not operate this instrument at 
line voltages greater than 126.5 Vac with line 
frequencies greater than 66 Hz (leakage cur- 
rents at these line settings may exceed 
3.5 mA). 


Figure 2-1. Line Voltage and Fuse Selection 
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Table 2-1. Line Fuse Ratings and Part Numbers 


Line 


100/120V -T5A, 250V 2110-0063 
220/240V 375A, 250V, SLO-BLO 2110-0421 


2-10. Power Cable 


WARNINGS 


BEFORE SWITCHING ON THIS IN- 
STRUMENT, the protective earth termi- 
nals of this instrument must be connected 
to the protective conductor of the (mains) 
power cord. The mains plug shall only be 
inserted in a socket outlet provided with a 
protective earth contact. The protective 
action must not be negated by the use of 
an extension cord (power cable) without a 
protective conductor (grounding). 


2-11. In accordance with international safety 
standards, this instrument is equipped with a three- 
wire power cable. When connected to an 
appropriate ac power receptacle, this cable grounds 
the instrument cabinet. The type of power cable 
plug shipped with each instrument depends on the 
country of destination. Refer to Figure 2-2 for the 
part numbers of the power cable plugs available. 


8120-1378 8120-1351 


8120-1369 8120-1689 


Figure 2-2. Power Cable and 
Mains Plug Part Numbers 
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2-12. ADDRESS SELECTION 


WARNINGS 


This task should be performed only by 
service trained persons who are aware of 
the potential shock hazard of working on 
an instrument with protective covers 
removed. 


To avoid hazardous electrical shock, the 
line (mains) power cable should be dis- 
connected before attempting to change 
the HP-IB address. 


Look up the address code in Table 2-3. Read the 
binary equivalent of the code. Set the five least 
significant bits of the code on the address switch 
as shown below. (The address switch A6S1, is on 
the HP-IB Control Assembly.) 


ne 
Bit vie | i A i U i Address Switch € 
O- 
b 


be Bg Bg y barby 
\ corer geen 


5 least significant bits of the address 
code read from Table 2-3. 


The switch is shown set for Talk address ‘‘M’’ 
(1001101) and Listen address ‘““—”’ (0101101). 


2-13. Circuit Options 


2-14. A jumper option is available for selecting a 
filtered or unfiltered dc RECORDER OUTPUT. 
Table 2-2 lists the factory installed jumper connec- 
tions and indicates how they may be reconnected 
to select the option. 


2-15. Interconnections 


2-16. Power Sensor. For proper system operation, 
the Power Sensor must be connected to the Power 
Meter using either the Power Sensor cable supplied 
with the Power Meter or any of the optional Power 
Sensor cables specified in Section I. Each of these 
cables employs a sensitivity line to enable the 
Power Meter to determine the operating range of 
the Power Sensor and thus, the true value of the 
input signal. For example, the 8481A and 
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8481H Power Sensors provide identical full scale 
outputs in response to input signal levels of 100 
milliwatts and 3 watts, respectively. The dif- 
erence in their sensitivity codes is detected by the 
Power Meter, however, and the Power Meter digital 
readout is automatically configured to indicate the 
appropriate value. 


2-17. Hewlett-Packard Interface Bus Option 022. 
Interconnection data for Hewlett-Packard Interface 
Bus Option 022 is provided in Figure 2-3. Power 
Meter programming and output data format is 
described in Section III, Operation. HP-IB address 
selection is explained in Table 2-3. 


2-18. Mating Connectors 


2-19. Interface Connector. The interface mating 


connector for Option 022 is indicated in Figure 2-3. 


2-20. Coaxial Connectors. Coaxial mating con- 
nectors used with the Power Meter should be US 
MIL-C-39012-compatible type N male or 50-ohm 
BNC male. 


2-21. Operating Environment 


2-22. The operating environment should be within 
the following limitations: 


Lemperature 3 0°C to +55°C 
PITITBLCICY: F.) A eet ree eT <95% relative 
EXILRUIOeS cee, tek ae <4570 m (15,000 ft) 


2-23. Bench Operation 


2-24. The instrument cabinet has plastic feet and a 


fold-away tilt stand for convenience in bench 
operation. (The plastic feet are shaped to ensure 
self-aligning of the instruments when stacked.) The 
tilt stand raises the front of the instrument for 
easier viewing of the control panel. 


2-25. Rack Mounting 


2-26. Instruments that are narrower than full rack 
width may be rack mounted using Hewlett-Packard 
sub-module cabinets. If it is desired to rack mount 
one Power Meter by itself, order half-module kit, 
HP Part Number 5061-0057. If it is desired to rack 
mount two Power Meters side by side, order the 
following items: 


a. Rack Mounting Flange Kit—(For instru- 
ments without handles) HP Part Number 5061- 
0077. 


b. Rack Mounting Flange Kit—(For instru- 
ments with handles) HP Part Number 5061-2071. 


Installation 


c. Lock Link Kit—Kit consists of lock hard- 
ware and screws for joining instrument cabinets in 
several different configurations. Enough horizontal 
links (12 front, 6 rear) for three side-by-side joints 
(up to 4 instruments), and enough vertical links 
(4 front, 4 rear) to form two over/under joints (up 
to 3 instruments) HP Part Number 5061-0094. 


2-27. In addition to the rack mounting hardware, 
a front handle assembly (two provided) is also 
available for the Power Meter. The part number is 
HP 5061-0089. 


2-28. STORAGE AND SHIPMENT 
2-29. Environment 


2-30. The instrument should be stored in a clean 
dry environment. The following environmental 
limitations apply to both storage and shipment: 

Temperaturem lace Py ge 3 40° C'to +75 C 
Humiditvamics ct <.L hie. eo: <95% relative 
AUB URES (cua omer Wledekereer ines ote <7620 m (25,000 ft) 


2-31. Packaging 


2-32. Original Packaging. Containers and materials 
identical to those used in factory packaging are 
available through Hewlett-Packard offices. If the 
instrument is being returned to Hewlett-Packard 
for servicing, attach a tag indicating the type of 
Service required, return address, model number, 
and full serial number. Also mark the container 
FRAGILE to assure careful handling. In any 
correspondence refer to the instrument by model 
number and full serial number. 


2-33. Other Packaging. The following general 
instructions should be used for re-packaging with 
commercially available materials: 


a. Wrap the instrument in heavy paper or 
plastic. (If shipping to a Hewlett-Packard office or 
service center, attach a tag indicating the service 
required, return address, model number, and full 
serial number.) 


b. Use a strong shipping container. A double- 
wall carton made of 275-lb test material is 
adequate. 


c. Use enough shock-absorbing material (3 
to 4-inch layer) around all sides of instrument to 
provide firm cushion and prevent movement in the 
container. Protect the control panel with 
cardboard. 

d. Seal the shipping container securely. 


e. Mark the shipping container FRAGILE to 
assure careful handling. 
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Table 2-2. Circuit Options 


Assembly Jumper Functions 


A-D Converter The factory-installed jumpers provide a filtered dc RECORDER OUTPUT 

Assembly A3 which corresponds to the average power input to the Power Sensor. If ex- 
ternal filtering is desired, reconnect the jumpers to provide the optional un- 
filtered dc RECORDER OUTPUT as shown on Service Sheet 8. 


Table 2-3. USA Standard Code for Information Interchange (ASCII) 


NOTE 


=) 
—_ 
m 
nw 
0 


D 


K 


= 
> isp) 
ow 
AEERES < -l*|-|-]4-] 2 


ds 
= 


wn (aap “hi ‘ = 
a nm n 


~” 
SS 
oo 


< 
ar 
m 
22) 
ip) 


oO 


~” 
(eS 


=e) trp || Sia! 
(Feedh sey. Wet | itze) 


DEL 


NOTE 3 NOTE 1 NOTE 2 


NOTE 1: HP-IB valid LISTEN addresses 
NOTE 2: HP-IB valid TALK addresses 
NOTE 8: Logic 1=0V 
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SIGNAL GROUND SHIELD*—— CONNECT TO 
P/O TWISTED PAIR WITH 11 EARTH 

P/O TWISTED PAIR WITH 10 

SHOULD BE GROUNDED | P/O TWISTED PAIR WITH 9 

AE ores oe P/O TWISTED PAIR WITH 8 

TWISTED PAIR P/O TWISTED PAIR WITH 7 

P/O TWISTED PAIR WITH 6 

REN 

D108 

D107 

D106 

D105 


TYPE 57 MICRORIBBON 
CONNECTOR 


Logic Levels 


The Hewlett-Packard Interface Bus logic levels are TTL compatible, 
i.e., the true (1) state is 0.0 Vdc to 0.4 Vdc and the false (0) state is 
+2.5 Vdc to +5.0 Vdc. 


Programming and Output Data Format 
Refer to Section III, Operation. 


Mating Connector 
HP 1251-0293; Amphenol 57-30240. 


Mating Cables Available 
HP 10631A, 1.0 metre (3 ft.); HP 10631B, 2.0 metres (6 ft.) 
HP 10631C, 4.0 metres (12 ft.); HP 10631D, 0.5 metre (1.5 ft.) 


Cabling Restrictions 
1. <A Hewlett-Packard Interface Bus System may contain no more 
than 1.8 metres (6 ft.) of connecting cable per instrument. 


The maximum accumulative length of connecting cable for any 
Hewlett-Packard Interface Bus System is 20.0 metres (65.6 ft.) 


Figure 2-3. Hewlett-Packard Interface Bus Connection 
2-5/2-6 
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SECTION III 
OPERATION 


3-1. INTRODUCTION 


3-2. This section provides complete operating 
information for the Power Meter. Included in the 
section are a description of all front- and rear-panel 
controls, connectors, and _ indicators (panel 
features), operator’s checks, operating instructions, 
power measurement accuracy considerations, and 
operator’s maintenance. 


3-3. Since the power meter can be operated locally 
as well as remotely via the Hewlett-Packard Inter- 
face Bus (Option 022), the information in this 
section is arranged accordingly. All information 
unique to a particular operating configuration is 
designated as such; where no distinction is made, 
the information is applicable to both standard and 
optional instrument operation. 


3-4. PANEL FEATURES 


3-5. Front and rear panel features of the Power 
Meter are described in Figure 3-1. This figure 
contains a detailed description of the controls, 
connectors and indicators. 


3-6. OPERATOR’S MAINTENANCE 


3-7. The only maintenance the operator should 
normally perform is replacement of the primary 
power fuse located within Line Module Assembly 
A111. For instructions on how to change the fuse, 
refer to Section II, Line Voltage Selection. 


CAUTION 


Make sure that only fuses with the required 
rated current and of the specified 


type (normal blow, time delay, etc.) are 
used for replacement. The use of repaired 
fuses and the short-circuiting of fuse- 
holders must be avoided. 


3-8. OPERATOR’S CHECKS 


3-9. A procedure for verifying the major functions 
of the Power Meter is provided in Figure 3-2. The 
procedure is divided into two parts: Local Opera- 
tion and Remote Hewlett-Packard Interface Bus 
Operation. For a standard instrument it is only 
necessary to perform the Local Operation pro- 
cedure. For units equipped with the remote 
option, the Local Operation procedure should be 
performed first to establish a reference against 
which remote operation can be verified. Informa- 
tion covering remote programming of the Power 
Meter is provided in the following paragraphs, and 
a Hewlett-Packard Interface Bus Verification Pro- 
gram is provided in Section VIII, Service. 


3-10. LOCAL OPERATING INSTRUCTIONS 


3-11. Figure 3-3 provides general instructions for 
operating the Power Meter via the front-panel 


controls. 
WARNING 


Any interruption of the _ protective 
(grounding) conductor (inside or outside 
the instrument) or disconnecting the 
protective earth terminal is likely to make 
this instrument dangerous. Intentional 
interruption is prohibited. 
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FRONT AND REAR PANEL FEATURES 
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Figure 3-1. Front and Rear Panel Controls, Connectors, and Indicators (1 of 4) 
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FRONT PANEL FEATURES 


@ Digital Readout: Indicates sign and decimal value of 
RF input power in Watts, dBm, or in dB relative to a 
stored reference. 


2) Range Lamps (W,mW, uW, nW): Enabled in WATT 
MODE. Light to indicate level of Digital Readout 
indication. 


Ey dBm: Lights to indicate that dBm MODE is selected 
and Digital Readout indication is in dBm. 


@ uB (REL): Lights to indicate that dB RELATIVE 
MODE is selected and Digital Readout indication is in 
dB with respect to stored reference level. 


& ZERO: Lights to indicate that power sensor auto-zero 
circuit is enabled and RF BLANKING output is 
active. 


CP REMOTE: Associated with the Hewlett-Packard 
Interface Bus Option 022. Lights to indicate that 
front-panel switches are disabled and power meter 
operation is being controlled via remote interface. 


&S POWER REF ON: Alternate a hws 


switch. When set to ON (in), enables 
REF OUTPUT. 


POWER 


@ POWER REF OUTPUT: Enabled when @) POWER 
REF switch is set to ON. Provides RF output of 1.00 
mW + 0.70% for system calibration. 


9] LINE ON-OFF: Alternate action pushbutton switch. 
Applies ac line power to Power Meter when set to ON 


(in). 


@ SENSOR ZERO: Spring-loaded pushbutton switch. 
When pressed, enables Power Sensor auto zero loop 
for a period of approximately 4 seconds ( ZERO 
lamp remains lit for the duration of this period). 


NOTE 


In order to auto-zero the Power Sensor, 
no RF input power may be applied 
while the ZERO lamp is lit. If any 
RF input power is applied, it will 
introduce an offset that will affect all 
subsequent measurements. 


Operation 


it) RANGE HOLD: Alternate action pushbutton switch. 
When set to off (out) allows Power Meter to auto- 
range as required to track changes in RF input power 
level. When set to on (in), locks Power Meter in last 
range enabled during autoranging. 


@ CAL FACTOR %: Rotary switch which changes the 
gain of the Power Meter amplifier circuits to com- 
pensate for mismatch losses and effective efficiency 
of the Power Sensor. A chart of CAL FACTOR % 
versus frequency is printed on each Power Sensor. 


® CAL ADJ: Screwdriver adjustment for calibrating the 
Power Meter and any Power Sensor to a known 
standard. 


@ SENSOR: Provides input connection for Power 
Sensor via Power Sensor Cable. 


@ MODE: Interlocking pushbutton switches which 
configure the Power Meter to indicate average RF 
input power in watts, in dBm, or in dB with respect 
to a stored reference. 


WATT: Alternate action pushbutton switch. 
When set to on (in), selects WATT Mode. (Power 
Meter is configured to indicate RF input power 
in watts, milliwatts, microwatts, or nanowatts. 


dBm: Alternate action pushbutton switch. When 
set to on (in), selects dBm Mode. (Power Meter 
is configured to indicate RF input power in 
dBm.) 


dB [REF]: Spring-loaded pushbutton switch. 
When pressed, selects dB Relative Mode. (RF 
input power level displayed on Digital 
Readout is stored as dB reference and @. 
Digital Readout changes to 0. Then Power Meter 
is configured to indicate changes in RF input 
level in dB with respect to stored reference.) 


NOTE 


When the dB relative mode is selected, the 
WATT Mode or dBm __Mode can be 
selected by pressing the WATT MODE 
or dBm Mode switch and the power applied 
to the Sensor is displayed on the Digital 
(continued) 


Figure 3-1. Front and Rear Panel Controls, Connectors, and Indicators (2 of 4) 
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Figure 3-1. Front and Rear Panel Controls, Connectors, and Indicators (3 of 4) 
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FRONT PANEL FEATURES (cont'd) 
(Note cont’d) 


Readout. To return to the dB Relative 
Mode_ without changing the stored refer- 
ence, press the @ WATT MODE or dBm 
MODE switch just enough to release the 
previously selected MODE switch. Do not 
press the dB [REF] MODE switch or a 
new reference will be entered. 


16] Auxiliary Meter: Provides a linear display with 


respect to RF input power. For any given range, a 
full-scale meter indication corresponds to the highest 
indication that can be obtained on the Digital 
Display. 


UNDER RANGE: Lights to indicate that RF input 
power level is too small to be measured on selected 
range (autoranging disabled), or on Power Meter 
lowest range (autoranging enabled). 


OVER RANGE: Lights to indicate that RF input 
power level is too large to be measured on selected 
range (autoranging disabled), or on Power Meter 
highest range (autoranging enabled). 


REAR PANEL FEATURES 


SENSOR INPUT: This rear panel input is wired in 
parallel with the front panel input (14) : 


Line Power Module: Permits operation from 100, 
120, 220, or 240 Vac. The number visible in window 
indicates nominal line voltage to which instrument 
must be connected (see Figure 2-1). Protective 
grounding conductor connects to the instrument 
through this module. 


Operation 


WARNING 


Any interruption of the protective (ground- 
ing) conductor inside or outside the instru- 
ment or disconnecting of the protective 
earth terminal is likely to make the 
instrument dangerous. Intentional inter- 
ruption is prohibited. (See Section II.) 


Gia POWER REF OUTPUT: Takes the place of the front 


panel 
003 only). 


POWER REF OUTPUT connector (Option 


@ RECORDER OUTPUT: Provides a linear output with 


® 


respect to the input power. +1.00 Vdc corresponds to 
a full scale Digital Readout indication on the 
range selected (refer to Table1-1).The minimum load 
which may be coupled to the output is 1 MQ2. 


RF BLANKING: Contact closure to ground when 
@DsENSOR ZERO switch is pressed. May be used to 
remove RF input signal during automatic zeroing 
operation. 


TALK ONLY/NORMAL: Associated with Hewlett- 
Packard Interface Bus Option 022 only. NORMAL 
position configures the Power Meter as a basic talker. 
TALK ONLY position is normally used only when 
there is no controller connected to the interface bus 
(e.g., when Power Meter is interconnected with an HP 
5150A recorder). 


Interface Connector: For Power Meter connection to 
remote interface Option 022. 


Figure 3-1. Front and Rear Panel Controls, Connectors, and Indicators (4 of 4) 
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OPERATOR'S CHECKS 
LOCAL OPERATION 


OG 436A POWER 
WEWLETT > PACKARD 


MARTE SE 


BANGE SENSOR so POWER REF 
HOLD ZERO 


WARNINGS 


BEFORE CONNECTING LINE POWER TO THIS INSTRU- 
MENT, ensure that all devices connected to this instrument 
are connected to the protective (earth) ground. 


BEFORE SWITCHING ON THIS INSTRUMENT, ensure that 
the line power (mains) plug is connected to a three-conductor 
line power outlet that has a protective (earth) ground. (Ground- 
ing one conductor of a two-conductor outlet is not sufficient.) 


Figure 3-2. Operator's Checks(1 of 5) 
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OPERATOR'S CHECKS 


LOCAL OPERATION (cont'd) 


Li: 


10: 


BEFORE SWITCHING ON THIS INSTRUMENT, ensure that the power transformer primary is matched 
to the available line voltage, the correct fuse is installed, and the safety precautions are taken. See Power 
Requirements, Line Voltage Selection, Power Cables, and associated warnings and cautions in Section II. 


NOTE 
If Power Meter is equipped with the Hewlett-Packard Interface Bus option, unplug data bus cable 
from connector J7 on rear panel before performing this procedure. When data bus cable is unplugged, 
Power Meter is automatically configured for Local operation via front-panel controls. 


CAUTION 


DO NOT TWIST the body of the power sensor when connecting or disconnecting it to other 
instruments, Twisting may cause major damage to the power sensor electrical circuits. 


Connect the Power Sensor to the Power Meter with the Power Sensor Cable. 
Connect the Power Sensor to the @ POWER REF OUTPUT connector. 


Connect the Power Cable to the power outlet and @D Line Power Module receptacle, and set the 
@) LINE switch to ON (in). 


Set the remaining Power Meter switches as follows: 


@ cat FACTOR% . . . . . . Set to reference calibration factor. 
@ poweRREF. . ... .. . off (out) 
@wmop—e......... wart 
@ ranceHow .... .... off (out) 

NOTE 


Perform steps 6 through 19 only if Power Meter is connected to 8481A, 8482A, or 8483A Power 
Sensor. If Power Meter is connected to 8481H or 8482H Power Sensor, proceed to step 20. 


Press and hold the @ SENSOR ZERO switch until the digital readout stabilizes. While the switch is held 
depressed, verify that the @ ZERO lamp is lit and that the RF BLANKING output is 0.0+0.4V. 


Release the @ SENSOR ZERO switch and verify that the @ ZERO lamp remains lit for approxi- 
mately four seconds. When the ZERO lamp goes out, verify that the ry Digital Readout indi- 
cates 0.00+0.02 pW. 


Set the @) RANGE HOLD and @ power REF switches to ON (in). Verify that the @ over. 
RANGE lamp lights and that the & Digital Readout blanks (1_._yuW). 


Set the @ RANGE HOLD switch to off (out). Verify that the Power Meter autoranges to the 1 mW 
range and that the OVER RANGE lamp goes out. 


Adjust the & CAL_ADJ control so that the @ Digital Readout indicates 1.000 mW. Verify that 
the pointer on the Auxiliary Meter is aligned between the last two marks, and that the @ RE- 
CORDER OUTPUT is approximately 1.000 Vdc. 


Figure 3-2. Operator's Checks (2 of 5) 
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OPERATOR’S CHECKS 
LOCAL OPERATION (cont'd) 


OG 4368 POWER 
i HEWLETT > SACKARD 
es 2 OVER 
BS BANGE 
ne iti?” aoe 
Ss RANGE 


| Lon a | 
{noma | 


DUTPUT 


BONGT ARIAT FwH Ub 


[ eiensen | 


TES 


NOTE 
Underscore (_) indicates blanked digit. 


11. Rotate the 12) CAL FACTOR % switch through its range and verify that the @ Digital Readout 


indication increases slightly for each successive step. Then return the @ CAL FACTOR % switch 
to 100. 


Figure 3-2. Operator’s Checks (3 of 5) 
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OPERATOR’S CHECKS 


LOCAL OPERATION (cont'd) 


12. Set the @ dBm MODE switch to on (in) and verify that the eS Digital Readout indicates —0.0 
+ 0.01 dBm. 


13. Set the RANGE HOLD switch to on (in) and the EP POWER REF switch to off (out). Verify 
that the UNDER RANGE lamp lights and that the @ Digital Readout blanks (-1_._ dBm). 


14. Set the ei RANGE HOLD switch to off (out) and verify that the © Digital Readout blanked in- 
dication changes to —3__.__. The new indication verifies that the Power Meter has autoranged to 


the most sensitive dBm range. 


15. Set the Q) RANGE HOLD and @ POWER REF switches to ON (in). Verity that the ® over 
RANGE lamp lights and that the GD Digital Readout blanked indication changes to—1__. __ 


16. Set the iy RANGE HOLD switch to off (out) and verify that the @ Digital Readout indicates 
—0.00 + 0.01 dBm. This new indication verifies that the Power Meter has autoranged properly. 


17. Adjust the & CAL ADJ control so that the Et) Digital Readout indicates —1.40 dBm. 


18. Press the @ aB [REF] MODE switch and verify that the © apm lamp goes out, the @ aB (REL) 
lamp lights, and the Digital Readout changes to 0.00. This step verifies that the Power Meter can 
store a dB reference value and indicate RF input power levels in dB with respect to the stored reference. 


19. Set the 15) WATT Mode switch to on (in) and readjust the 3) CAL ADJ control so that the 
@ digita Readout indicates 1.000 mW. 


NOTE 
Steps 20 through 28 are performed in lieu of steps 6 through 19 when the Power Meter 


is connected to an 8481H or an 8482H Power Sensor, 


20. Press and hold the Q) sENSOR ZERO switch until the @ Digital Readout stabilizes, While the 
switch is held pressed, verify that the ZERO lamp is lit and that the 23) RF BLANKING output 
is 0.0 + 0.4V. 


21. Release the 10) SENSOR ZERO switch and verify that the @ ZERO lamp remains lit for approxi- 
mately four seconds. When the @ ZERO lamp goes out, verify that the O dita Readout indicates 
0.00 + 0.02 mW. 


22. Set the @ POWER REF switch to ON (in) and adjust the CAL ADJ control so that the a Digital 
Readout indicates 1.000 mW. Verify that the pointer on the@[ Auxiliary Meter is aligned between the 
last two marks, and that the @ RECORDER OUTPUT is approximately 1.000 Vdc. 


23. Rotate the a CAL FACTOR % switch through its range and verify that the &) Digital Readout in- 
creases slightly for each successive step. Then return the CAL FACTOR % switch to 100. 


24. Set the 15 dBm MODE switch to on (in) and verify that the ge Digital Readout indicates —0.00 
+ 0.01 dBm. 


25. Set the @ POWER REF switch to off (out). Verify that the 17) UNDER RANGE lamp lights and 
that the @ Digital Readout blanks (—1__ ._ dBm). 


Figure 3-2. Operator’s Checks (4 of 5) 
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OPERATOR’S CHECKS 
LOCAL OPERATION (cont'd) 


& 436A POWER 
— & MEWLETT > SACKARD 
bre OVER 
RANGE 
le 4 ee 
s . RANGE 


DTPUT 


Set the @ POWER REF switch to ON (in) and adjust the @ CAL ADJ control so that the @ Digital 
Readout indictes —2.00 dBm. 


Press the 15 dB [REF] Mode switch and verify that the @ dBm lamp goes out, the 4) dB (REL) 
lamp lights, and the Digital Readout changes to —0.00. This step verifies that the Power Meter 
can store a dB reference value and indicate input power levels in dB with respect to the stored reference. 


Set the @ WATT Mode switch to on (in) and readjust the (13) CAL ADJ control so that the @ Digi- 
tal Readout indicates 1.000 mW. 


Figure 3-2. Operator’s Checks (5 of 5) 
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OPERATING INSTRUCTIONS 


LOCAL OPERATION 


af BEFORE SWITCHING ON THIS INSTRUMENT, ensure that the power transformer primary is matched 
to the available line voltage, the correct fuse is installed, and safety precautions are taken. See Power 
Requirement, Line Voltage Selection, Power Cables, and associated warnings and cautions in Section II. 


NOTE 
If Power Meter is equipped with the Hewlett-Packard Interface Bus Option, either unplug data bus cable 
from connector J7 on rear panel or program Power Meter for Local operation as described under 


Operating Instructions paragraph. 
CAUTION 


DO NOT TWIST the body of the power sensor when connecting or disconnecting it to other 
instruments. Twisting may cause major damage to the power sensor’s electrical circuits. 


2: Connect the Power Sensor to the Power Meter with the Power Sensor Cable. 


3. Connect the Power Cable to the power outlet and @ Line Power Module receptacle and set the © LINE 
ON-OFF switch to ON (in). 


4, Set the remaining Power Meter switches as follows: 
CcrActon eg, Mey. ey eel f0 
GPU GWERRER tn ee fe ec Be erat (out) 
@ope a se wate 


Qpeaneerorpa®. . .. Re ott cout) 
5. Press and hold the @) SENSOR ZERO switch and wait for the @ Digital Readout to stabilize. Then 
verify that the @ ZERO lamp is lit and that the @ Digital Readout indicates 0.00 +0.02. 


NOTE 


When auto-zeroing the Power Sensor, no RF input power may be applied while the ZERO lamp is lit. If 
any RF input power is applied, it will introduce an offset that will affect subsequent measurements. 


6. Release the @ SENSOR ZERO switch and wait approximately 4 seconds for the cy ZERO lamp to 
go out. 
7. Connect the Power Sensor to the @ POWER REF OUTPUT connector and set the @) POWER REF 


switch to ON (in). Then adjust the (13) CAL ADJ control so that the @ Digital Readout indicates 
1.000 mW. 


8. Set the eb POWER REF switch to off (out) and disconnect the Power Sensor from the © POWER REF 
OUTPUT connector. 


Locate the calibration curve on the Power Sensor cover and determine the CAL FACTOR for the measure- 
ment frequency; set the Power Meter @cat FACTOR % switch accordingly. 


CAUTION 


See Operating Precautions in the Power Sensor Operating and Service Manuals for maximum power 
levels which may be safely coupled to this system. Levels which exceed the limits may damage the 
Power Sensor, Power Meter or both. 


10. Set the (15) MODE and & RANGE HOLD switches for desired operation and connect the Power Sensor 


to the RF source. 


Figure 3-3. Operating Instructions (1 of 3) 
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OPERATING INSTRUCTIONS 
HEWLETT-PACKARD INTERFACE BUS (HP-IB) OPERATION 


@ A364 POWER 
MEWLETT PACKARD 


MADER E # 


r~ POWER REF — 
ON 


[OG mW | 
bopmHe | 


OUTPUT 


WARNINGS 


BEFORE CONNECTING LINE POWER TO THIS INSTRUMENT, 
ensure that all devices connected to this instrument are connected 
to the protective (earth) ground. 


BEFORE SWITCHING ON THIS INSTRUMENT, ensure that the 
line power (mains) plug is connected to a three-conductor line 
power outlet that has a protective (earth) ground. (Grounding one 
conductor of a two-conductor outlet is not sufficient.) 


Figure 3-3. Operating Instructions (2 of 3) 
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OPERATING INSTRUCTIONS 


HP-IB OPERATION (cont'd) 


I. BEFORE SWITCHING ON THIS INSTRUMENT, ensure that the power transformer primary is matched 
to the available line voltage, the correct fuse is installed, and safety precautions are taken. See Power 
Requirement, Line Voltage Selection, Power Cables, and associated warnings and cautions in Section II. 


CAUTION 


DO NOT TWIST the body of the power sensor when connecting or disconnecting it to other 
instruments. Twisting may cause major damage to the power sensor’s electrical circuits. 


Connect the Power Sensor to the Power Meter with the Power Sensor Cable. 
Connect the Power Meter to the Remote Interface @. 
Connect the Power Cable to the power outlet and @) Line Power Module receptacles and set the 
@ LINE ON-OFF switch to ON (in). 
Set the Power Meter @car FACTOR % switch to 100 and the a POWER REF switch to off (out). 


Set the remote enable input to the Power Meter to logical 1 (0.0 + 0.4 Vdc) and program the Power 
Meter as follows: 


MOG Gn a tei er ps es eet ee ee EWA Ty 
Rangery. mat? thoy: . i .: i. 2, AUTO 


HHNOUR GERNOT ee mews. aes et AON 
CAISICAC TORU cig 5 a gs) Uys. + of) ee nenabled 


Wait for the 9 Digital Readout to stabilize, then verify that the ) ZERO lamp is lit and that the 
@ digital Readout indicates 0.00 + 0.02. 


NOTE 


When auto-zeroing the Power Sensor, no RF input power may be applied while the & ZERO lamp is 
lit. If any RF input power is applied, it will introduce an offset that will affect subsequent measurements. 


8. Program the @ SENSOR ZERO function to off by programming one of the other modes (WATT, dBm 
or dB Ref) and wait approximately 4 seconds for the ® ZERO lamp to go out. 


Connect the Power Sensor to the @ POWER REF OUTPUT connector and set the ee POWER REF 


switch to ON (in). Then adjust the ® CAL ADJ control so that the ay Digital Readout indicates 
1.000 mW. 


Set the > POWER REF switch to off (out) and disconnect the Power Sensor from the a POWER 
REF OUTPUT connector. 

Locate the calibration curve on the Power Sensor to cover and determine the CAL FACTOR for the 
measurement frequency; set the Power Meter @ CAL FACTOR % switch accordingly. 


CAUTION 


See Operating Precautions in the Power Sensor Operating and Service Manuals for maximum power levels 
which may be safely coupled to this system. Levels which exceed the limits may damage the Power Sensor, 
Power Meter or both. 
12. Program the Power Meter to the desired Mode and Range, select the triggering most appropriate to the 
type of measurements anticipated, and connect the Power Sensor to the RF source. 


Figure 3-3. Operating Instructions (3 of 3) 
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3-12. HEWLETT-PACKARD INTERFACE BUS 
REMOTE OPERATION 


NOTE 


For a quick and easy programming guide 
see Figure 3-8; for detailed information 
study paragraphs 38-12 through 3-61. 


3-13. Hewlett-Packard Interface Bus (HP-IB) 
Option 022 adds remote programming and digital 
output capability to the Power Meter. For further 
information about the HP-IB, refer to IEEE Stand- 
ard 488 and the Hewlett-Packard Catalog. Power 
Meter compatibility, programming, and data for- 
mat is described in detail in the paragraphs which 
follow. 


3-14. Compatibility 


3-15. The Power Meter controls that can be pro- 
grammed via the Hewlett-Packard Interface Bus 
are the MODE and SENSOR ZERO switches. The 
controls not programmable are the POWER REF 
and LINE switches. The CAL FACTOR % switch 
can be enabled and disabled via the interface bus 
but, when enabled, the calibration factor entered 
at the front-panel of the Power Meter is used. 


3-16. In addition, specific ranges can be set and 
various triggering options are available to the pro- 
grammer. This will be described in detail later. 


3-17. The programming capability of the Power 
Meter will be described in terms of the twelve bus 
messages found in Table 3-1. 


3-18. Data Messages 


3-19. The Power Meter communicates on the bus 
primarily through data messages. It receives data 
messages that tell it what range to use, what mode 
to use, whether or not cal factor should be en- 
abled, and what the measurement rate should be. It 
sends data messages that tell the measurement 
value, the mode and range the value was taken at, 
and what the instrument’s status (see Table 3-4) 
was when it took the measurement. 


3-20. Table 3-2 outlines the key elements involved 
in making a measurement. Indeed the Power Meter 
can be programmed to make measurements via the 
HP-IB by following only the sequence suggested in 
the table, and briefly referring to Tables 3-3, 3-4, 
(input and output data), and Fig. 3-8. However, to 
take advantage of the programming flexibility built 
into the Power Meter and minimize the time it 
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takes to make a valid measurement, study the rest 
of the information in this section. 


3-21. Receiving Data Messages 


3-22. The Power Meter is configured to listen (re- 
ceive data) when the controller places the interface 
bus in the command mode (ATN and REN lines 
low; IFC line high) and outputs listen address ‘‘—”’ 
(minus sign). The Power Meter then remains con- 
figured to listen (accept programming inputs when 
the interface bus is in the data mode) until it is un- 
addressed by the controller. To unaddress the 
Power Meter, the controller can either send the 
Abort Message (set the IFC line low) or send the 
Local Message (set the REN line high), or it can 
place the interface bus in the command mode and 
generate a universal unlisten command. 


3-23. Data Input Format. The Power Meter does 
not require any particular data input format. It is 
capable of responding to each of the programming 
codes listed in Table 3-3 on an individual basis. 
Because it responds to these codes in the order it 
receives them, we recommend that the code for 
measurement rate be sent last. 


3-24. Program Codes. Table 3-3 lists the program 
codes that the Power Meter responds to and the 
functions that they enable. In the listen mode, the 
Power Meter can handshake in 0.5 us. The time re- 
quired for the Power Meter to respond to the pro- 
gramming command, however, depends on where 
the Power Meter is in the operating program (see 
Figure 3-6). The overall worst case time for Power 
Meter response to a programming command is 
2.5 seconds, the minimum response time is approx- 
imately 100 microseconds. 


NOTE 


In addition to the program codes listed 
in Table 3-3, Power Meter operation will 
be affected by all other program codes 
shown in columns 2, 3, 4, and 5 of Table 
2-2, except (SP!”"#$%&*). Thus care 
should be taken to address the Power 
Meter to unlisten before sending these 
programming commands to other instru- 
ments on the interface bus. 


3-25. Programming the Range. Remote range pro- 
gramming is slightly different than Local range 
selection. For Local operation the Power Meter 
auto-ranges. For Remote operation, the program 
codes have provision for direct selection of the de- 
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Table 3-1. Message Reference Table 


Message and Identification Applicable 
Yes 


Data Power Meter changes mode, range, measure- 
ment rate, and Cal Factor enable or disable. 
:.. 


It outputs status and measurement data. 
Clear (DC2) Yes 


Command and Title 


T3 Talker, L2 Listener, 
AH1 Acceptor Handshake 
SH1 Source Handshake. 


The Power Meter does not respond to a 
Group Execute Trigger. However, remote 
trigger capability is part of the Data mes- 
sage (measurement rate). 


Device Trigger 


DCL Device Clear Upon receipt of DCL command, Power 
Meter functions are set for Watt Mode, 
Auto Range, Cal Factor Disable and Meas- 


urement rate Hold. 


SDC Selected Device Clear 


Remote (RL2)1 Yes 


Local (RL2)! Yes 
No 


Local Lockout (RL2) 4 


Clear Lockout/ 
Set Local (RL2) 1 


REN Remote Enable 


Power Meter goes to remote when addressed 
to listen, and REN is true (low). 


REN Remote Disable Power Meter goes to local when REN is 
false (high). 
Power Meter does not respond to GTL 


command. 


GTL Go to Local 


REN Remote Disable Power Meter does not respond to LLO 


command. 


REN Remote Disable Returns all devices on bus to local 


operation. 


Pass Control/Take Power Meter cannot act as bus controller. 


Control (CQ) 


Controller 


Power Meter does not respond to a 
Serial Poll 


Status Byte 


Status Bit (PPQ) Power Meter does not respond to a parallel 


poll. 


The 436A does not have complete RL2 capability since it cannot process the Go-To-Local (GTL) message. 


NOTE 


Complete HP-IB capability as defined in IEEE Std. 488 is AH1, CO, DC2, DTO, 
LEO, PPO, RL2, SH1, SRO, T3, TEO. 
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Table 3-2. Measurement Sequence 


MEASUREMENT SEQUENCE 


Event 1 {controller talk and Power Meter listen} {Program Codes} 


Ee See controller manual. ie Pr 


ogram codes to configure one or more of the 
Power Meter Listen address following (see Table 3-3): 
factory set to “—”’ (see 1. Range 
Tables 2-1 and 2-2). 2. Remote mode (Watt, dBm, dB [Ref] 
e.g., CMD “?U—",“9D+V" 3. Cal Factor 
wrt “pmrd”, “9D+V” 4, Measurement Rate (and trigger) 


Event 2 Response time for meter’s digital (operating program) circuitry (see Table 3-5 and Figures 3-5 and 3-6). 


Event 3 Meter takes measurement; data available. 


Event 4 Additional delay to allow analog circuits to settle; necessary only if on Range 1 (most sensitive) or if 
settling time measurement rates are not being used (see Figure 3-4). Here are some suggestions: * 


i Load reading into controller (event five) and check data string for range (look at character number 1 
or check measured value). 
If Power Meter is on Range 1, wait 10 seconds and take another reading. 
If settling time measurement rates are being used and meter is not on Range 1, use the first reading. 


If settling time measurement rates are not being used, determine the range and branch to an appro- 
priate delay: Range 2, one second; Ranges 3-5, 0.1 second. 


Event 5 {universal unlisten, controller listen and Power Meter talk} , {variable name} 


R 


ee controller manual. Power Meter Talk address factory set to “‘M”’ (see Tables 2-1 and 2-2). 


*There are other ways to ensure that readings are not affected by analog circuit settling time. Also, 
these recommended delays are worst case. A thorough understanding of the material in this section 
will allow you to optimize measurement time for your particular application. For example, if the 
power level is not changing, the controller can average at least two consecutive readings to see if the 
result is still settling. 


EXAMPLE PROGRAM SEQUENCE: 


Line1 {controller talk and power meter listen}, “9D+T” 


| Measurement Rate: Trigger with settling time. 
Cal Factor Disable (100%) 
dBm Mode 
Auto Range 


Line 2 {universal unlisten, controller listen and power meter talk} , {variable name} 


Power meter outputs measured value to controller. 


Controller checks value in variable for Range 2 threshold (e.g., <—20 dBm for Model 8482A 
Power Sensor). If value is below threshold, program branchestoline4. If value is above thres- 
hold, program branches to line 5. 


Line4 = { wait 10 seconds, then goto line1 }. 


Line5 {continue}. 
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Table 3-3. Hewlett-Packard Interface Bus 
Input Program Codes 


Function 
| AsciL | DECIMAL 


Range 


Least sensitive 


53 
52 
ol 
50 


49 
57 


5 
= 
3 
2 
1 
4) 
A 65 
B 66 
C 67 
D 68 
Z 


Most sensitive 
Auto 


MODE 
Watt 

dB (Rel) 

dB [Ref] 

dBm 

Sensor auto-zero 


CAL FACTOR 
Disable (100%) 
Enable (front-panel 

switch setting) 


Measurement Rate 
Hold 
Trigger with set- 
ling time 


Trigger, immediate 

Free Run at maxi- 
mum rate 

Free Run with set- 

ling time 


sired range as well as for selection of the autorange 
function. 


3-26. Programming the Mode. Remote mode pro- 
gramming is similar to Local mode selection. The 
sequence shown in Example 1 is recommended for 
taking dB (Rel) readings from adB [Ref] reference. 


3-27. Programming Auto-Zero. The Power Meter is 
remotely zeroed the same way it is zeroed in local. 
Example 2 shown on the next page outlines the 


EXAMPLE 1 (dB Rel/dB Ref) 
1 {controller talk and Power Meter listen}, “CT’’ 


{controller talk and Power Meter listen}, “BT” 


{controller talk and Power Meter listen}, “T” 


Operation 


program steps that should be written. Specific 
examples are provided later in this Section. (Refer 
to Tables 3-3 and 3-4 for Power Meter input and 
output strings. Refer to controller manual for 
programming syntax.) 


3-28. Programming Cal Factor. While the setting 
of the front panel CAL FACTOR switch cannot be 
remotely changed, the programmer does have a 
choice. If CAL FACTOR enable is programmed, 
then the Power Meter uses the Cal Factor set by 
the switch. If CAL FACTOR Disable is program- 
med, then the Power Meter uses a Cal Factor of 
100%, but the program can correct for cal factor 
by computing the corrected reading from the 
actual reading and the cal factor (a Cal Factor table 
must be stored in an array). 


3-29. Programming Measurement Rate. A feature 
that is only available via remote programming is 
selection of standby, triggered, or free running op- 
eration of the Power Meter. (During Local opera- 
tion, the Power Meter is allowed to free run with 
approximately 1383 milliseconds allowed for set- 
tling time between measurements.) The specific re- 
mote triggering capabilities are: 


a. Hold (H) — when the power meter is pro- 
grammed to Hold, it is inhibited from taking 
measurements and from outputting data. Thus, it 
is set to a predetermined reference condition from 
which a measurement can be triggered synchron- 
ously to some external event. 


b. Trigger Immediate (1) — this programming 
command directs the Power Meter to make one 
measurement and output the data in the minimum 
possible time, then to go into Hold until the next 
triggering command is received. It does not allow 
settling time prior to the measurement. 


c. Trigger with Delay (T) — this trigger com- 
mand is identical to the trigger immediate com- 
mand except that it causes the Power Meter to 
execute a settling-time delay subroutine before 
taking a measurement and outputting data. 


Sets reference at present RF input level. 


Takes first reading relative to set reference 


Takes subsequent readings 


2 
3 {universal unlisten, controller listen and Power Meter talk}, {Variable name} Power Meter outputs reading to controller 
4 
+) 


{universal unlisten, controller listen and Power Meter talk } {Variable name} Power Meter outputs reading to controller 
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Receiving Data Messages (cont'd) 


d. Free run at maximum rate (R) — this pro- 
gramming command is normally used for asynchro- 
nous operation of the Power Meter. It directs the 
Power Meter to continuously take measurements 
and output data in the minimum possible time. It 
does not allow settling time prior to each measure- 
ment. 


e. Free run with delay (V) — this program- 
ming command is identical to the previous com- 
mand except that it causes the Power Meter to exe- 
cute a settling-time delay subroutine prior to each 
measurement. 


3-30. When programming the Power Meter for 
synchronous triggered operation, there are two 
factors that the programmer must consider to 
ensure the validity of the output measurement 
data. The first factor is the time that it takes the 
Power Meter to respond to a full scale change in 
input power level. A typical Power Meter response 
curve is shown in Figure 3-4. By comparing this 
curve with the measurement timing cycle shown in 
Figure 3-5 and summarized in Table 38-5, the 
validity of the Power Meter output can be tabu- 
lated according to operating range and triggering 
interval versus change in input power level. A gen- 
eral summary of this information is as follows: 


a. When the Power Meter is programmed for 
trigger with settling time operation, sufficient time 
is provided for the Power Meter to settle to the in- 
put power level on all ranges except Range 1 
(most sensitive range). On Range 1 approximately 
10 seconds (9—10 measurements) are required for 
the Power Meter to settle to the input power level. 


EXAMPLE 2 (Auto Zero) 


Model 486A 


b. When the Power Meter is programmed for 
trigger immediate operation, the desired amount of 
settling time can be incorporated into the program. 


3-31. Programming the Local to Remote Mode 
Change. The second factor that must be considered 
when programming the Power Meter for synchron- 
ous triggered operation is whether the first trigger 
is sent immediately after terminating local opera- 
tion. As illustrated in Figure 3-6, the Power Meter 
will not respond to the first trigger following a 
local to remote transistion until it completes the 
previously initiated measurement and _ display 
cycle. Thus, the first data output of the Power 
Meter may not be valid. The options available to 
the programmer are: 


1. Send a trigger command (Data Message) 
and discount the first data output. Upon 
outputting the data, the Power Meter will 
go to Hold and operate synchronously 
starting with the next trigger command. 


2. Wait approximately 2.5 seconds after plac- 
ing the Power Meter in remote and sending 
the first program trigger command (Data 
Message). 


3. Send a Clear Message (DCL) immediately 
after placing the Power Meter in remote. 
This will restart the Power Meter operating 
program. 


3-32. Sending Data Messages from the Power 
Meter 


3-33. The @ TALK ONLY/NORMAL switch 
(see Figure 3-3) enables the Power Meter to func- 


A Remove RF power from power sensor (or set it at least 20 dB below the lowest range of the sensor). 


2 {controller talk and Power Meter listen}, “Z1T” 


Send zero trigger program codes. 


3 {universal unlisten, controller listen and Power Meter talk} ,{ variable name} Read measured value data from meter 


(characters 4, 5, 6, and 7). 


4 If absolute value of measured data is not < 2 (0000 + 0002) then branch to step 2; if it is, then continue. (Although 
this step averages three seconds, it may take as long as 10 seconds to execute.) 


5 {controller talk and Power Meter listen} , “9 + DI” 


Send normal measurement mode program 
codes. 


6 {universal unlisten, controller listen and Power Meter talk} ,{ variable name} Read status character (number 0) from 


meter’s output data string. 


7 Check status character for an auto zero loop enabled condition (character 0 > decimal 84). If loop is enabled then 
branch to step 5. If not, then continue. (This step takes approximately four seconds to execute.) _ 
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Sending Data Messages (cont'd) 


tion as a basic talker or in the talk only mode. If 
the basic talker function is selected, the Power 
Meter is configured to talk when the controller 
places the interface bus in the command mode and 
outputs talk address M. The Power Meter then re- 
mains configured to talk (output data when the in- 
terface bus is in the data mode), until it is unad- 
dressed to talk by the controller. To unaddress the 
Power Meter, the controller can either send an 
Abort Message (generate an interface clear), or it 
can place the interface bus in the command mode 
and output a new talk address or a universal untalk 
command. Examples of addressing and unaddress- 
ing the Power Meter to talk are provided in Table 
3-2 and Figure 3-8. 


3-34. Talk Only Mode.When the Power Meter 
functions in the Talk Only Mode, it is automati- 
cally configured to TALK when the interface bus 
is in the Data Mode and there is at least one listen- 
er. Since there can only be one talker at a time per 
interface bus, this function is normally selected 
only when there is no controller connected to the 
system (e.g., when the Power Meter is intercon- 
nected to an HP 5150A recorder). 


3-35. Output Data Format. The output data 
format of the Power Meter is shown and described 
in Table 3-4. 


3-36. The output data is a fourteen character 
string that is provided once at the end of each 
measurement cycle. It is a good idea to read at 
least part of this string into the controller after 
each measurement cycle, even if it will not be used. 
This will avoid the possibility of incorrect data 
being read after some future measurement. 


8-37. The string begins with a status character 
and ends with a carriage return and a line feed. 
Measured value is formatted as a real constant: 
plus or minus four digits (leading zeros not sup- 
pressed) followed by an exponential multiplier. 
The decimal point is not provided because it is 
understood that it follows the four “measured 
value”? digits. The two-digit exponent is always 
negative. 


3-38. Data Output Time. Figure 3-6 provides a 
simplified flow chart of Power Meter operation. 
As shown in the figure, the Power Meter operates 
according to a stored program and can only output 


Operation 


Table 3-4. Hewlett-Packard Interface Bus 
Output Data String 


Measured value valid 

Watts Mode under Range 

Over Range 

Under Range dBm or dB 
[REL] Mode 

Power Sensor Auto Zero 
Loop Enabled; Range 1 
Under Range (normal for auto 
zeroing on Range 1) 


Character 


Power Sensor Auto Zero Loop 
Enabled; Not Range 1, Under 
Range (normal for auto zeroing 
on Range 2-5) 


Power Sensor Auto Zero Loop 
Enabled; Over Range (error 
condition — RF power applied 


to Power Sensor; should not be) 


Most Sensitive 


Least Sensitive 


Watt 

dB REL 

dB REF (switch pressed) 
dBm 


poe] eenee 


WM 
ro 


space (+) 
— (minus) 


oOmonNIOThWNeH © 
omrAnNNTtFrwWN Fe © 


Dos os 2 Bebo toe mere 4e 


OUTPUT DATA MESSAGE FORMAT: 


Sign of Decimal Mestared 
M Value: P. 
CEALHAG! Netees LASniAL Value Multiplier: 10- EXPONENT 


RANGE- SPace (+) or ‘“—"" (understood) (2 digits) 


CHARACTER 
NUMBER 


Measured 
Value 
(4 Digits) 


Always Minus 
Sign ‘“’—" 
Always letter ““E” 
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Table 3-5. Power Meter Remote Access Time to First Output Data Character 


Measurement 
Triggering 


WATT 
dBm 

dB (REL) 
db [REF] 


Free Run at maxi- 
mum rate, 
Trigger immediately 


Worst Case Access Time to First Output Character 


Range 1 or2 | Range 3,4 or 5 


Auto Range 


Compute measurement times from Figure 3-5 and 
add measurement time of each range that Power 
Meter steps through to delay time listed below. 


From To Delay 
3 2 1070 ms 


4 3,5 133 ms 
5 4 133 ms 


Examples: Starting at block labeled ““HOLD” in 
Figure 3-5 , worst case access time for range 1—3, 
and range 3—1 changes with WATT MODE se- 
lected are: 


Free Run with set- 


Range 1 70 ms 
1—2 Delay 1070 ms 
Range 2 53 ms 
2—3 Delay 133 ms 
Range3 53 ms 

1379 ms 


WATT 1130 ms 


Range 3 50 ms (33+17) 
3—2 Delay 1070 ms 
Range 2 33 ms 
2—1 Delay 1070 ms 
Range 1 33 ms 


2256 ms 


Compute worst case Auto Range access times 


dBm 


1130 ms 


tling time or Trigger 
with settling time. 
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1200 ms 
160 ms 


dB (REL) 
db [REF] 


from Figure 3-5, 


Examples: Starting at block labeled “HOLD” in 
Figure 3-5; worst case access times for range 1-3 
and range 3-1 with WATT MODE selected are: 

1-3 (1070 + 53, +1070 + 53 + 133 + 53) =2432 ms 
3-1(133+33+ 1070+33 + 1070 + 33) = 2372 ms. 


MAX THRESHOLD 
OF RANGE 
INPUT: 
MIN THRESHOLD~ 100 [ 4 
ih 


OF RANGE 


PERCENT 
s 


10 4 10 i 
ZO eel a 2k as tan oats Rn ph ait gn | On rr 
> 0 .01 1.02 .03) .04 


TIME IN SECONDS 


0 1 0° S01" 


Oe cele ah RAAT fee) 
-06 .07 .08 .09 .1 


Figure 3-4. Power Meter Response Curve (Settling Time for Analog Circuits) 


Model 436A Operation 


OUTPUT 


REMOTE 


R3,R4,R5 (DELAY) R1,R2 (DELAY) 


TRIGGER 
IMMEDIATE 1070 ms 


ereela dB REF, dBm, dB REL 


MEASURE OUT OF RANGE 
35-53 ms* 


dB REF OR REL NO RANGE CHANGE NEW RANGE; R1, R2 
AUTO RANGE 


dBm OR WATTS NEW RANGE; 
R3,R4,R5 


*35 ms corresponds to minimum signal threshold of range . 
53 ms corresponds to maximum signal threshold of range . 


Figure 3-5. Measurement Timing Flow Chart (Settling Time for Digital Circuitry) 
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REMOTE 
ENABLED 


CONFIGURE 
POWER METER 
PER FRONT PANEL 
SWITCH SETTINGS 


CONFIGURE 
POWER METER PER 
PROGRAMMING 
INPUTS RECEIVED 
IN LISTEN MODE 


TAKE MEASUREMENT 


AUTO RANGE CHANGE RANGE 
ENABLED 


UPDATE DIGITAL 
READOUT 


REMOTE TALK 
ENABLED 


NOTE 1 


SEND OUTPUT DATA YES 


REMOTE 
ENABLED 


Note: The decision blocks labeled HOLD are associated with both hold and external triggered 
operation. When hold is programmed, the decision is always yes. When triggered operation is 
programmed, the decision is no, starting when a trigger is received and continuing unitl the dig- 
ital readout is updated. The decision then reverts to yes until receipt of the next trigger. Thus, 
when the Power Meter is programmed for external triggering, it will provide output data only 
after receiving a trigger in the listen mode. 


Figure 3-6. Operating Program Simplified Flow Chart 
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Sending Data Messages (cont'd) 


data after taking a measurement. Thus, when the 
interface bus is placed in the data mode after the 
Power Meter has been addressed to talk, the time 
required to access the first output data character 
depends on where the Power Meter is in the 
operating program, and on how the Power Meter 
has been previously programmed (see Programming 
Codes above.) Worst case access times for each of 
the Power Meter operating configurations are listed 
in Table 3-5. 


38-39. After the first output character is sent, the 
remaining characters are sent at either a 10-kHz 
rate (infinitely fast listener) or at the receive rate 
of the slowest listener. 


3-40. 


3-41. The Power Meter has no provision for re- 
sponding to a Trigger Message (bus command GET). 
Power Meter triggering is done with the Data Mes- 
sage (through the Measurement Rate Program 
Codes). 


Receiving the Trigger Message 


3-42. 


3-43. The Power Meter has provision for respond- 
ing to the DCL bus command but not the SDC bus 
command. Upon receipt of the DCL command, the 
Power Meter operating program is reset causing the 
Power Meter to enter the Hold state shown at the 
top of Figure 3-6, and the HP-IB circuits are con- 
figured to provide Watt Mode, Auto Range, and 
Cal Factor Disable outputs. 


Receiving the Clear Message 


3-44, 


3-45. When the Power Meter recieves the Remote 
Message (REN line low) it completes the rest of its 
current measurement cycle (see Figure 3-6) and 
then goes to remote. See the Local to Remote 
Mode Change (paragraph 3-31) for information 
about how to program the local to remote mode 
change. 


Receiving the Remote Message 


3-46. Receiving the Local Message 

3-47. The Power Meter does not respond to the 
GTL (go to local) bus command. It reverts to local 
operation when the REN (remote enable) bus 
line goes false (high). 


Operation 


3-48. Receiving the Local Lockout and Clear 
Lockout Set Local Messages 


3-49. The Power Meter does not respond to the 
Local Lockout Message (LLO bus command). It 
responds to the Clear Lockout/Set Local Message 
in that when the REN bus line goes false, it will 
revert to local operation. 


3-50. 


3-51. The Power Meter has no provision for oper- 
ation as a controller. 


Receiving the Pass Control Message 


3-52. 


3-53. The Power Meter does not have provision 
for requesting service. 


Sending the Required Service Message 


3-54. Sending the Status Byte Message 


3-55. The Power Meter does not respond to a 
Serial Poll. 


3-56. Sending the Status Bit Message 


3-57. The Power Meter does not respond to a 
Parallel Poll. 


3-58. 
3-59. When the Power Meter receives an Inter- 
face Clear command (IFC), it stops talking or 
listening. 


Receiving the Abort Message 


3-60. Test of HP-IB Operation 


3-61. Figure 3-7 outlines a quick check of the 
436A remote functions. This gives the user two 
alternatives for testing the power meter: 1, write 
a program corresponding to Figure 3-7 for a quick 
check or 2, use the program in Section VIII for 
complete testing and troubleshooting. 


3-62. POWER MEASUREMENT ACCURACY 


3-63. A power measurement is never free from 
error or uncertainty. Any RF system has RF losses, 
mismatch losses, mismatch uncertainty, 
instrumentation uncertainty and_ calibration 
uncertainty. Measurement errors as high as 50% are 
not only possible, they are highly likely unless the 
error sources are understood and, as much as 
possible, eliminated. 
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SET BUS REMOTE 
LINE LOW 


ADDRESS 436A 
TO LISTEN 


436A 
REMOTE LIGHT 
ON 


436A REMOTE NOT SET 
OR WILL NOT RESPOND 
TO LISTEN ADDRESS 


PROGRAM 436A TO dBm 
MODE AND FREE RUN 


436A dBm 
LIGHT ON 


436A WILL NOT PROGRAM 436A 
SET dBm MODE TO WATTS MODE 


436A 
W, mW, OR uw 
LIGHT ON 


436A WILL NOT 


SET WATTS MODE REDD A3GA 


436A 
READING VALUE 
PRINTED 
OUT 


436A WILL NOT TALK 
OR 436A OK 
DATA TRANSFER BAD 


Figure 3-7. Test of HP-IB Operation Flowchart 
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436A QUICK PROGRAMMING GUIDE 


This guide will help set up and program simple HP-IB instrumentation systems, thereby freeing you 
from making an in-depth study of system design and BASIC or HPL programming languages. 


I. THE SYSTEM: 


DEVICE UNDER 
436A POWER 
TEST** (DUT) METER (PM) 


SIGNAL 
SOURCE(SS) ** 


HPIB CABLE* HPIB ve 


COMPUTING 
CONTROLLER 
9825 OR 9830 


* HP-IB cables shown with dotted lines are used only if the Source and Device under test are programmable. 


** Signal Source and Device Under Test may be the same, e.g., checking Sig. Gen. Flatness. 


THE PROGRAM: If the power meter is the only part of the system to be programmed, use 
the program statements in the order given. For more complex systems or programs, include 
statements derived from the information in the optional (dashed line) flow chart boxes. 
When it is necessary to write more statements, refer to Table 3-2. 


START 
9830 STATEMENTS (BASIC) 9825 STATEMENTS (HPL) 


Initialize 
Variables 


(HPIB) 


Insure Bus is in the 
REMOTE ENABLED 
state 


Figure 3-8. 436A Quick Programming Guide (1 of 5) 
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436A QUICK PROGRAMMING GUIDE (Cont'd) 


9830 STATEMENTS (BASIC) 


(SS, DUT, PM) 


/ Input special instructions is = 
or parameters / 


len) <I | 


Zero the Power Meter — 
GOTO the Auto Zero 
subroutine 


et Pecks ferr$s Lenks firvste poske 


.See subroutine listing on page 3-35. 
Insert the subroutines where shown 
just before the END statement. 


(SS, DVT) 


Configure the signal 
source and/or device 


| under test 


Take a power measurement. 
GOTO Power Meter — 
read subroutine 


See subroutine listing on page 3-35. 
Insert the subroutine where shown 
just before the END statement. 


-— 


ia 


| Process measured data L ae 


oa ae Ae a Sean 


9825 STATEMENTS (HPL) 


It may be necessary or desirable to 
specify frequencies, levels, ranges, etc., 
each time the program is run. Other- 
wise these parameters are included 

in the applicable program statements. 
Refer to the controller operating and 
programming manual. 


See subroutine listing on page 3-34. 
Insert the subroutines where shown 
just before the END statement. 


If the source and/or device under test 
are programmable, refer to the opera- 
ting and programming manual. If not, 
it might be a good idea to have the 
program stop at this point to allow 
manual configuration. 


UN = te 
r 


epee 
sa) L- = ees 


See subroutine listing on page 3-34. 
Insert the subroutines where shown 
just before the END statement. 


You may want to compare measure- 
ments against a reference standard, 
compute percent error, graph the 
pwr-freq. curve, or print a table of 
results, etc. Refer to the controller 
operating and programming manual. 


Figure 3-8. 436A Quick Programming Guide (2 of 5) 
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436A QUICK PROGRAMMING GUIDE (cont'd) 


9830 STATEMENTS (BASIC) 9825 STATEMENTS (HPL) 


ff! 7} (optional, depends 
S45 on next block) 
Print measured power or 
results of last block 


(optional, depends 
-}" on next block) 


Include a GOTO or IF-THEN state- 
ment to branch to the appropriate 
program line. Refer to the control- 
ler operating and programmming 
manual. 


Zero subroutine 
read subroutine 


Ds Ee a De 


NOTE: 


Zero subroutine 
read subroutine 


“end send 


When running the program press CONT—EXECUTE to restart 


program execution after a STOP (stp) statement. 


Figure 3-8. 436A Quick Programming Guide (3 of 5) 
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436A QUICK PROGRAMMING GUIDE (cont'd) 
Subroutines for 9825 (HPL) 
“‘pmz’”’ — Power meter zero subroutine 


TORIZ. is 

"remove source":dsp "disconnect sensor from source";stp 
WEee “pmrd) 207 EmMiaee eo cy eo pe Cum OMG neg a5 

“verify Zero sift abs(7)i.2 co comes 

MUNZErO" sweet pmEd's, IA ome o pores OMe 2° 41Z 


"verify unzero": if Z>84;gto "unzero" 


"preset/ret":wrt "pmrd", “9D2V" ret 


“‘omr’’ — Power meter read subroutine 


DIE ae 

nm NOAM Epa er a sy tai ep mouen emi iota piso, (0) 
0-R 

for X=l1 to 20 

Wie “pmnd 3, 9D 
Wait (R=73) 4000 

red “pmrds Li Rae 

Lf X=lsgto "Pi 

if abs(P=S) 2; gto “ea. 
P1lO*E+P;ret 

*"P1":P+S 

next X 


dsp "power meter not settled" 


Note: The next statement should be "end" :end , or if another subroutine follows thena gto “end" 
should be used. 


Figure 3-8. 436A Quick Programming Guide (4 of 5) 
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436A QUICK PROGRAMMING GUIDE (cont'd) 


Subroutines for 9830 (BASIC) 


POWER METER ZERO SUBROUTINE 


7 


thi 

Ps seat 

Lal 
m 
ee) 


2 LE 


aah CHE aan ‘s 


roi or 
a ih 


or, oF 
ot. 


mo 
tala fxg 0S 


REM ZERO POWER METER 


cre, tes 


bic I CA 


et ele aT 
LL 


Am a Ot Ee 


Lm} 
= 
— 


i 


satete aT Te TV 
D itert Wee ee a 


Fee 17 LE 


iit 


= 


Fa a 
HEAL Je} 


at 
a) 
my 


“1 
t= 
None 
Pye J 
rail 
ike 
pi: 


oe, On. 
bat load 


.- 


Ae toes 


[fal REM POWER METER READ SUBROUTINE 
iGiG FORMAT My Me PS, Gs NaF SB 


‘erst ) SaPi tel 


Note: The next statement should be END, or if another subroutine follows thena GOTO 9999 
should be used. 


Figure 3-8. 436A Quick Programming Guide (5 of 5) 
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3-64. Sources of Error and Measurement Uncer- 
tainty 


3-65. RF Losses. Some of the RF power that 
enters the Power Sensor is not dissipated in the 
power sensing elements. This RF loss is caused by 
dissipation in the walls of waveguide power 
sensors, in the center conductor of coaxial power 
sensors, in the dielectric of capacitors, connections 
within the sensor, and radiation losses. 


3-66. Mismatch. The result of mismatched impe- 
dances between the device under test and the 
power sensor is that some of the power fed to the 
sensor is reflected before it is dissipated in the 
load. Mismatches affect the measurement in two 
ways. First, the initial reflection is a simple loss 
and is called mismatch loss. Second, the power 
reflected from the sensor mismatch travels back up 
the transmission line until it reaches the source. 
There, most of it is dissipated in the source 
impedance, but some of its re-reflected by the 
source mismatch. The re-reflected power returns to 
the power sensor and adds to, or subtracts from, 
the incident power. For all practical purposes, the 
effect the re-reflected power has upon the power 
measurement is unpredictable. This effect is called 
mismatch uncertainty. 


3-67. Instrumentation Uncertainty. Instrumenta- 
tion uncertainty describes the ability of the meter- 
ing circuits to accurately measure the dc output 
from the Power Sensor’s power sensing device. In 
the Power Meter this error is + 0.5% for Ranges 1 
through 5. It is important to realize, however, that 
these uncertainty specifications do not indicate 
overall measurement accuracy. 


3-68. Power Reference Uncertainty. The output 
level of the Power Reference Oscillator is factory 
set to 1 mW + 0.70% at 50 MHz. This reference is 
normally used to calibrate the system, and is, 
therefore, a part of the system’s total measurement 
uncertainty. 


3-69. Cal Factor Switch Resolution Error. The 
resolution of the CAL FACTOR @% switch 
contributes a_ significant error to the total 
measurement because the switch has 1% steps. The 
maximum error possible in each position is +0.5%. 


3-70. Corrections for Error 


3-71. The two correction factors basic to power 
meters are calibration factor and_ effective 
efficiency. Effective efficiency is the correction 
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factor for RF losses within the Power Sensor. 
Calibration factor takes into account the effective 
efficiency and mismatch losses. 


3-72. Calibration factor is expressed as a 
percentage with 100% meaning the power sensor 
has no losses. Normally the calibration factor will 
be 100% at 50 MHz, the operating frequency of 
the internal reference oscillator. 


3-73. The Power Sensors used with the Power 
Meter have individually calibrated calibration 
factor curves placed on their covers. To correct for 
RF and mismatch losses, simply find the Power 
Sensor’s calibration factor at the measurement 
frequency from the curve or the table that is 
supplied with the Power Sensor and set the CAL 
FACTOR % switch to this value. The measurement 
error due to this error is now minimized. 


3-74. The CAL FACTOR % switch resolution 
error of +0.5% may be reduced by one of the 
following methods: 


a. Leave the CAL FACTOR % switch on 
100% after calibration, then make the measure- 
ment and record the reading. Use the reflection 
coefficient, magnitude and phase angle from the 
table supplied with the Power Sensor to calculate 
the corrected power level. 


b. Set the CAL FACTOR % switch to the 
nearest position above and below the correction 
factor given on the table. Interpolating between 
the power levels measured provides the corrected 
power level. 


3-75. Calculating Total Uncertainty 


3-76. Certain errors in calculating the total 
measurement uncertainty have been ignored in this 
discussion because they are beyond the scope of 
this manual. Application Note AN-64, “Microwave 
Power Measurement’’, delves deeper into the calcu- 
lation of power measurement uncertainties. It is 
available, on request, from your nearest HP office. 


3-77. Known Uncertainties. The known uncer- 
tainties which account for part of the total power 
measurement uncertainty are: 


a. Instrumentation uncertainty +0.5% or 
+0.02 dB (Range 1 through 5). 


b. Power reference uncertainty +0.7% or 
+0.03 dB. 
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3-77. Known Uncertainties (cont'd) 


ec. CAL FACTOR switch resolution +0.5% or 
+0.02 dB. 


The total uncertainty from these sources is +1.7% 
or +0.07 dB. 


3-78 Calculating Mismatch Uncertainty. Mismatch 
uncertainty is the result of the source mismatch 
interacting with the Power Sensor mismatch. The 
magnitude of uncertainty is related to the magni- 
tudes of the source and Power Sensor reflection 
coefficients, which can be calculated from SWR. 
Figure 3-9 shows how the calculations are ta be 
made and Figure 3-10 illustrates mismatch uncer- 
tainty and total calculated uncertainty for two 
cases. In the first case, the Power Sensor’s SWR = 


Operation 


1.5, and in the second case, the Power Sensor’s 
SWR = 1.26. In both cases the source has a SWR of 
2.0. The example shows the effect on power 
measurement accuracy a poorly matched power 
sensor will have as compared to one with low 
mismatch. 


3-79. A faster, easier way to find mismatch uncer- 
tainty is to use the HP Mismatch Error (uncer- 
tainty) Limits/Reflectometer Calculator. The 
calculator may be obtained, on request, from your 
nearest Hewlett-Packard office by using HP Part 
Number 5952-0448. 


3-80. The method of calculating measurement 
uncertainty from the uncertainty in dB is shown 
by Figure 3-11. This method would be used when 
the initial uncertainty calculations were made with 
the Mismatch Error/Reflectometer Calculator. 
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CALCULATING MEASUREMENT UNCERTAINTY 


1. Calculate the reflection coefficient from the given SWR. 


SWR-—-1 
SWR + 1 


Power Sensor #1 Power Sensor #2 Power Source 


15-1 225-1 20-1 
15+1 1.25 +1 2.0+1 


0.25 
2.25 


0.111 0.333 


Calculate the relative power and percentage power mismatch uncertainties from the reflection 
coefficients. An initial reference level of 1 is assumed. 


Relative Power Uncertainty 


P_, = SWR of Power Sensor # n 


= [1+ ‘ 
PU = [1+ (6,0,)]° where P, = SWR of Power Source 


{1 + [(0.2(0.833)] PU, { [(0.111)(0.338)]}? 


{1 + 0.067}: 


{1.067} and {0.983}? 1.037}: and {0.963} 


1.138 and 0.870 = L073 and 0.938 


ies 0.087} 


Percentage Power Uncertainty 


(PU — 1) 100% for PU> 1 and Sta E) 100%: for. PU <a 


(1.138 — 1) 100% and —(1 — 0.870) 100% 
(0.138) 100% and —(0.130) 100% 
13.8% and —13.0% 


(1.073 — 1) 100% and —(1 — 0.928) 100% 
(0.073) 100% and —(0.072) 100% 
7.3% and pa leayo 


Figure 3-9. Calculating Measurement Uncertainties (1 of 2) 
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CALCULATING MEASUREMENT UNCERTAINTY 


3. Calculate the Measurement Uncertainty in dB. 


MU; = 


=) 

OPo 
Py 

10 [log(10Py) — log (10P9)] dB for Sb <1 
0 


10 hoe ( | 10 [log (10) (0.870) — log (10) (1)] 


10 [0.056] 10 [log (8.70) — log (10)] 
10 [0.94 —1] 
10 [— 0.060] 


+0.56 dB — 0.60 dB 


10 toe(2)| 10 [log (10) (0.928) — log (10) (1)] 


10 [0.031] 10 [log (9.28) — log (10)] 
10 [0.968 — 1] 
10 [— 0.032] 


+0.31 dB — 0.32 dB 


Figure 3-9. Calculating Measurement Uncertainties (2 of 2) 
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Operation Model 436A 


POWER SENSOR MISMATCH VERSUS MEASUREMENT ACCURACY 
(50 OHM SYSTEM) 


Instrument Calibration 
Indicated and Measurement 


Power Resolution Uncertainty | Uncertainty Total Uncertainty 


+3.63 dBm 


| 
POWER SENSOR NO. 1 
SWR, = 1.5 
POWER SOURCE +0.56 dB 
SWR, = 2.0 413.8% 


+3.0 dBm +0.07 dB; +1.7% ACTUAL LEVEL OF POWER 
SOURCE MAY BE ANYWHERE 
—0.07 dB; -1.7% IN THIS BAND 


+2.33 dBm 


POWER SENSOR NO. 2 
SWR, = 1.25 
POWER SOURCE +0.31 dB 


SWR, = 2.0 
| +7.3% 


+0.07 dB; +1.7% ACTUAL LEVEL OF POWER 


+3.0 dBm 
SOURCE MAY BE ANYWHERE 


—0.07 dB; —1.7% | IN THIS BAND 


+2.62 dBm 


Figure 3-10. The Effect of Power Sensor Mismatch on Measurement Accuracy 
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Model 436A 


Operation 


CALCULATING MEASUREMENT UNCERTAINTY 


For this example the known values are: source SWR, 2.2 and power sensor SWR, 1.16. 
From the Mismatch Error Calculator the mismatch uncertainty is found to be +0.24, —0.25 dB. 


Add the known uncertainties from paragraph 3-73, (+ 0.10 dB). Our total measurement uncer- 


tainty is +0.34, —0.35 dB. 


Calculate the relative measurement uncertainty from the following formula: 


If dB is positive then: 
P, > Po; let Po = 1 


_, (4B 
MU =P, = log! (—— 


10 


4. Calculate the percentage Measurement Uncertainty. 


For Py 2S Po 
%MU = (P,—Pg) 100 
(1.081 — 1) 100 


+8.1% 


If dB is negative then: 


MU aaLG 3 


For Py << Po 
%MU = = (Ey i Po) 100 
— (1 — 0.923) 100 


me LEE 


Figure 3-11. Calculating Measurement Uncertainty (Uncertainty in dB Known) 
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Performance Tests 


SECTION IV 
PERFORMANCE TESTS 


4-1. INTRODUCTION 


4-2. The procedures in this section test the electri- 
cal performance of the Power Meter using the 
specifications of Table 1-1 as performance stand- 
ards. All tests can be performed without access to 
the interior of the instrument. A simpler opera- 
tional test is included in Section III under Opera- 
tor’s Checks. 


4-3. EQUIPMENT REQUIRED 


4-4, Equipment required for the performance tests 
is listed in Table 1-2, Recommended Test Equip- 
ment. Any equipment that satisfies the critical 
specifications given in the table may be substituted 
for the reeommended model(s). 


4-5. TEST RECORD 


4-6. Results of the performance tests may be 
tabulated on the Test Record at the end of the test 
procedures. The Test Record lists all of the tested 
specifications and their acceptable limits. Test 
results recorded at incoming inspection can be used 
for comparison in periodic maintenance, trouble- 
shooting, and after repairs or adjustments. 


4-7. PERFORMANCE TESTS 


4-8. The performance tests given in this section are 
suitable for incoming inspection, troubleshooting, 
or preventive maintenance. During any per- 
formance test, all shields and connecting hardware 
must be in place. The tests are designed to verify 
published instrument specifications. Perform the 
tests in the order given and record the data on the 
test card and/or in the data spaces provided at the 
end of each procedure. 


NOTE 


The Power Meter must have a half-hour 
warmup and the line voltage must be 
within +5%, —10% of nominal if the 
performance tests are to be considered 
valid. 


4-9. Each test is arranged so that the specification 
is written as it appears in Table 1-1. Next, a 
description of the test and any special instructions 
or problem areas are included. Each test that 
requires test equipment has a setup drawing and a 
list of the required equipment. The initial steps of 
each procedure give control settings required for 
that particular test. 
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ee 


4-10. ZERO CARRYOVER TEST 


SPECIFICATION: +0.2% of full scale when zeroed on the most sensitive range. 
DESCRIPTION: After the Power Meter is initially zeroed on the most sensitive range, the change in the 
digital readout is monitored as the Power Meter is stepped through its ranges. Thus, 


this test also takes noise and drift into account because noise , drift, and zero carry- 
over readings cannot be separated. 


RANGE CALIBRATOR POWER METER 


POWER METER SENSOR 


Figure 4-1. Zero Carryover Test Setup 


EQUIPMENT: Range Calibrator. . . .. . . HP11683A 
PROCEDURE: 
1. Set the Power Meter switches as follows: 
CAL FACTOR Sis tugys os) 2 L00 
POWER.REE .... ..% « off (out) 
MOD EG cae ohn cae eee ele ke 
RANGE HOLD ... .. . off (out) 
LIN Bi 2 Se ooal os be eel eels, COND) 


2. Set the Range Calibrator switches as follows: 


FUNCTION § “22. 53 eS LANDBY 
POLARITY 3.7) 8 oe a NORMAL 
RANGE. oe eer orn aaad OOM W. 
EINE oe 2 5 (Sale tae ONG (Aid) 


38. Connect the equipment as shown in Figure 4-1. 


4. Press and hold the Power Meter SENSOR ZERO switch and wait for the digital 
readout to stabilize. Then verify that the Power Meter ZERO lamp is lit and that 
the digital readout indicates 0.00 + 0.02. 
NOTE 
Power Meter is now zeroed on most sensitive range (10 uw W). 


5. Release the Power Meter SENSOR ZERO switch and wait for the ZERO lamp to 
go out before proceeding to the next step. 


6. Set the Range Calibrator FUNCTION switch to CALIBRATE and verify that the 
Power Meter autoranges to the 100 uW range. 


7. Set the Power Meter RANGE HOLD switch to on (in) and the Range Calibrator 
FUNCTION switch to standby. 


Model 486A Performance Tests 


PERFORMANCE TESTS 


4-10. ZERO CARRYOVER TEST (cont'd) 


8. Wait for the Power Meter’s digital readout to stabilize and verify that the indication 
observed is within the limits shown on the table below. Then set the POWER 
Meter RANGE HOLD switch to off (out). 


9. Repeat steps 6, 7, and 8 with the Range Calibrator RANGE switch set, in turn, to 
1 mW, 10 mW, and 100 mW. Verify that the Power Meter autoranges properly, 
and that the indication observed on each range is within the limits shown in 
Table 4-1. 


Table 4-1. Zero Carryover Autorange Digital Readout Results 


Range Calibrator 
and 


Power Meter 


4-11. INSTRUMENT ACCURACY TEST 


SPECIFICATION: WATT MODE: +0.5% in Ranges 1 through 5. 
dBm MODE: +0.02 dB +0.001 dB/°C in Ranges 1 through 5. 
dB(REL) MODE: +0.02 dB +0.001 dB/°C in Ranges 1 through 5. 


NOTE 


The dB (REL) specifications are for within-range measurements. 
For range-to-range accuracy, add the uncertainty associated with 
the range in which the reference was entered, to the uncertainty 
associated with the range in which the measurement was made. 
For example, if a reference is entered in Range 1 and a measure- 
ment is made in Range 5, the total uncertainty is 0.04 (Range 1 
+0.02 + Range 5+ 0.02 =+ 0.04). 


DESCRIPTION: After the Power Meter is initially calibrated on the 1 mW range, the digital readout is — 
monitored as the Range Calibrator is adjusted to provide reference inputs correspond- 
ing to each of the Power Meter operating ranges. 
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4-11. INSTRUMENT ACCURACY TEST (cont'd) 


EQUIPMENT: 


PROCEDURE: 


RANGE CALIBRATOR POWER METER 


POWER METER SENSOR 


Figure 4-2. Instrument Accuracy Test Setup 


Range Calibrator. . . . . . . HP11683A 


dt 


Set the Power Meter switches as follows: 


CAL: FACTOR 2%...) 2 a eel00 
POWER IRER 2°. Bae. aol Out) 
MODEO ocr cs Welle en aan Leds 
RANGE HOLD: 72 1. (25. eacOlLu (out) 
LIN Be ea ies Le) eee OING iD) 


Set the Range Calibrator switches as follows: 


FUNCTION: sit: seen RAN DEN 
POLARITY: ) . 0. SONORMAL 
RANGE (653) \., oo oneal 
LINE ey ce ote Onion 


Connect the equipment as shown in Figure 4-2. 


Press and hold the Power Meter SENSOR ZERO swtich and wait for the digital 
readout to stabilize. Then verify that the Power Meter ZERO lamp is lit and that 
the digital readout indicates 0.00 + 0.02. If the digital readout does not indicate 
0.00 + 0.02 repeat the procedure. 


NOTE 
Power Meter is now zeroed on the most sensitive range (10 »W). 


Release the Power Meter SENSOR ZERO switch and wait for the ZERO lamp to 
go out before proceeding to the next step. 


Set the Range Calibrator FUNCTION switch to CALIBRATE and verify that the 
Power Meter autoranges to the 1 mW range. 


Observe the Power Meter digital readout and, if necessary, adjust the front-panel 
CAL ADJ control to obtain a 1.000 + 0.002 indication. 


NOTE 


The Range Calibrator output level is adjustable in 5 dB increments. 

Thus, the 3 uW, 30 uW, 300 upW, 3 MW, and 30 mW legends on the 

RANGE switch are approximations. The true outputs for these set- 
tings are 3.16 wW, 31.6 uW, 316 wW, 3.16 mW and 31.6 mW. 
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4-11. INSTRUMENT ACCURACY TEST (cont'd) 


8. Set the Range Calibrator RANGE switch, in turn, to 10 uW, 100 uW, 10 mW, and 
100 mW. Verify that the Power Meter autoranges properly and that the indication 
observed on each range is within the limits specified in the table below. 


9. Set the Range Calibrator to standby. Set the Power Meter MODE switch to dBm 
and zero the Power Meter. 


10. Set the Range Calibrator to calibrate and the RANGE switch, in turn, to —20 
dBm, —10 dBm, 0 dBm, +10 dBm, and +20 dBm. Verify that the Power Meter 
autoranges properly and that the indication observed on each range is within the 


limits specified in Table 4-2. 


Table 4-2. Instrument Accuracy Test Results 


Range Calibrator Range Calibrator 


and and 
Power Meter Rene lla vine Power Meter 
Range Range 


-20 dBm 
-10 dBm 
0 dBm 
+10 dBm 
+20 dBm 


11. Set the Range Calibrator RANGE switch to —10 dBm. 


12. Set the Power Meter MODE switch to dB [REF] and verify that the digital readout 
indicates 0.00 + 0.01. 


13. Set the Range Calibrator RANGE switch, in turn, to —20 dBm, —5 dBm, and 
+10 dBm. Verify that the Power Meter autoranges properly, and that the indica- 
tion observed on each range is within the limits specified in Table 4-3. 


Table 4-3. Instrument Accuracy Test Results for dB [REF] Mode 


Range Calibrator 


and 
Ranges 


—20 dBm 
—5 dBm 
+10 dBm 


= e 
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4-12. CALIBRATION FACTOR TEST 


SPECIFICATION: 


DESCRIPTION: 


PROCEDURE: 


4-6 


16-position switch normalizes meter reading to account for calibration factor. Range 
85% to 100% in 1% steps. 100% position corresponds to calibration factor at 50 MHz. 


After the Power Meter is zeroed on the most sensitive range, a 1 mW input level is ap- 
plied to the Power Meter and the CAL ADJ control is adjusted to obtain a 1.000 mW 
indication. Then the CAL FACTOR % switch is stepped through its 16 positions and 
the digital readout is monitored to ensure that the proper indication is obtained for 
each position. 


RANGE CALIBRATOR POWER METER 


POWER METER 


Figure 4-3. Calibration Factor Test Setup 


Set the Power Meter switches as follows: 


CAL FACTOR%. ... . 100 
POWER REF . .).” |) 395 -Off (out) 
MODEN I.) 2 Rawr 
RANGEHOLD ... . . Off (out) 
LIN Eee es en erent) 


Set the Range Calibrator switches as follows: 


FUNCTION:2 4 2 ee eS LANDES 
POUARTV Ys or) iiss yc ase NOC 1 
RANGES 5) J cue) aged acme SVN, 
LINE Oo uot pace ak vee CoN E(ALD) 


Connect the equipment as shown in Figure 4-3. 


Press and hold the Power Meter SENSOR ZERO switch and wait for the digital 
readout to stabilize. Then verify that the Power Meter ZERO lamp is lit and that 
the digital readout indicates 0.00 + 0.02. 


NOTE 


Power Meter is now zeroed on most sensitive range (10 uW) 


Release the Power Meter SENSOR ZERO switch and wait for the ZERO lamp to 
go out before proceeding to step 6. 


Set the Range Calibrator FUNCTION switch to CALIBRATE and verify that the 
Power Meter autoranges to the 1 mW range. 


Adjust the Power Meter CAL ADJ control to obtain a 1.000 + 0.002 indication 
on the digital readout. 
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4-12. CALIBRATION FACTOR TEST (cont'd) 


8. Set the CAL FACTOR % switch, in turn, to each position and verify that the indi- 
cations observed are within the limits specified in Table 4-4. 


Table 4-4. Calibration Factor Test Results 


Switch Switch 


4-13. POWER REFERENCE LEVEL TEST 


! SPECIFICATION: Internal 50 MHz oscillator factory set to 1 mW + 0.7% traceable to the National 
Bureau of Standards. 
Accuracy: +1.2% worst case (+0.9% rms) for one year (0°C to 55°C). 


DESCRIPTION: The power reference oscillator output is factory adjusted to 1 mW + 0.7%. To achieve 
this accuracy, Hewlett-Packard employs a special measurement system accurate to 0.5% 
(traceable to the National Bureau of Standards) and allows for a transfer error of +0.2% 
in making the adjustment. If an equivalent measurement system is employed for veri- 
fication, the power reference oscillator output can be verified to 1 mW +1.9% (41.2% 
accuracy + +0.5% verification system error + +0.2% transfer error = 1.9% maximum 
error). The power reference oscillator can be set to +0.7% using the same equipment 
and following the adjustment procedure in paragraph 5-22. To ensure maximum accur- 
acy in verifying the power reference oscillator output, the following procedure provides 
step-by-step instructions for using specified Hewlett-Packard test instruments of known 
capability. If equivalent test instruments are used, signal acquisition criteria may vary 
and reference should be made to the manufacturer’s guidelines for operating the 
instruments. 


NOTE 


The Power Meter may be returned to the nearest 
Hewlett-Packard office to have the power reference 
oscillator checked and/or adjusted. Refer to Section II, 
PACKAGING. 
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4-13. POWER REFERENCE LEVEL TEST (cont'd) 


EQUIPMENT: 


PROCEDURE: 


POWER METER 432A DIGITAL VOLTMETER 


THERMISTOR 


POWER REF MOUNT 


OUTPUT 


Figure 4-4. Power Reference Level Test Setup 


Power Meter 9. 03". 3, ) (ee we 432A 
Thermistor Mount .... . . HP 478A-H75 
Digital Voltmeter (DVM). . . . HP 3456A 


1. Set up the DVM to measure resistance and connect the DVM between the Vpp 
connector on the rear panel of the 432A, and pin 1 on the thermistor mount end 
of the 432A interconnect cable. 


2. Round off the DVM indication to two decimal places and record this value as the 
internal bridge resistance (R) of the 432A (approximately 200 ohms). 


38. Connect the 482A to the Power Meter as shown in Figure 4-4. 


4. Set the Power Meter LINE switch to ON (in) and the POWER REF switch to off 
(out). Then wait thirty minutes for the 432A thermistor mount to stabilize be- 
fore proceeding to the next step. 


5. Set the 482A RANGE switch to COARSE ZERO and adjust the front-panel 
COARSE ZERO control to obtain a zero meter indication. 


6. Fine zero the 482A on the most sensitive range, then set the 432A RANGE switch 
to 1 mW. 


NOTE 


Ensure that DVM input leads are isolated from chassis 
ground when performing the next step. 


7. Set up the DVM to measure microvolts and connect the positive and negative input 
leads, respectively, to the Vaoypp and Vpp connectors on the rear panel of the 
432A. 


8. Observe the indication on the DVM. If less than 400 microvolts, proceed to the 
next step. If 400 microvolts or greater, press and hold the 432A FINE ZERO 
switch and adjust the COARSE ZERO control so that the DVM indicates 200 
microvolts or less. Then release the FINE ZERO switch and proceed to the next 
step. 


9. Round off the DVM indication to the nearest microvolt and record this value as Vo- 
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4-13. POWER REFERENCE LEVEL TEST (cont'd) 


10. Set the Power Meter POWER REF switch to ON (in) and record the indications 
observed on the DVM as Vj. 


11. Disconnect the DVM negative input lead from the Vp Fp connector on the 432A 
and reconnect it to 432A chassis ground. Record the new indication observed on 


12. Calculate the power reference oscillator output level (Pp p) from the following 


formula: 
Pap = 2 Veome (VY, — Vo) t Wie re Ves 
4R (CALIBRATION FACTOR) 
Where: 
P.- = power reference oscillator output level 


V comp = Previously recorded value 
Vey previously recorded value 
Vo previously recorded value 

R = previously recorded value 


CALIBRATION FACTOR = value for thermistor mount at 50 MHz (traceable to 
the National Bureau of Standards) 


13. Verify that the P., is within the following limits: 


0.981 mW 1.019 mW 
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Table 4-5. Performance Test Record (1 of 2) 


Hewlett-Packard Company 
Model 436A 
Power Meter 


Serial Numbers. 8 ieee eee 


ZERO CARRYOVER 
10 pW 
100 pW 
1 mW 
10 mW 
100 mW 


Model 436A 


Tested By 5 eee 


[ease [a 


INSTRUMENTATION ACCURACY 


WATT MODE 
10 upW 
100 pW 
1 mW 
10 mW 
100 mW 


dBm MODE 


—20 dBm 
—10 dBm 
0 dBm 

10 dBm 
20 dBm 


dB (REL) MODE 


—20 dBm 
— 5dBm 
+10 dBm 


CALIBRATION FACTOR 


100 
99 
98 
of 
96 
95 
94 
93 


9.95 uwW 
99.5 uw. W 
0.995 mW 
9.95 mW 
99.5 mW 


—20.02 dBm 

—10.02 dBm 

—0.02 dBm 
9.98 dBm 
19.98 dBm 


—9.96 dBm 
+4.96 dBm 
+19.96 dBm 


0.994 mW 
1.004 mW 
1.014 mW 
1.025 mW 
1.036 mW 
1.047 mW 
1.058 mW 
1.069 mW 


0.02 uW 
0.2 uW 
0.002 mW 
0.02 mW 
0.2 mW 


10.05 uw W 
100.5 pW 
1.005 mW 
10.05 mW 
100.5 mW 


—19.938 dBm 

—9.98 dBm 
0.02 dBm 
10.02 dBm 
20.02 dBm 


—10.04 dBm 
+5.04 dBm 
20.04 dBm 


1.006 mW 
1.016 mW 
1.026 mW 
1.037 mW 
1.048 mW 
1.059 mW 
1.070 mW 
1.081 mW 
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Table 4-5. Performance Test Record (2 of 2) 


=o 


1.081 mW 1.093 mW 
1.093 mW 1.105 mW 
1.105 mW 1.117 mW 
1.118 mW 1.180 mW 
1.1380 mW 1.142 mW 
1.143 mW 1.155 mW 
1.157 mW 1.169 mW 
1.170 mW 1.182 mW 


CALIBRATION FACTOR (cont'd) 


92 
pep 
90 
89 
88 
87 
86 
85 


POWER REFERENCE 


Par 


0.981 mW 1.019 mW 
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SECTION V 
ADJUSTMENTS 


5-1. INTRODUCTION 


5-2. This section describes the adjustments which 
will return the Power Meter to peak operating 
condition after repairs are completed. 


5-3. If the adjustments are to be considered valid, 
the Power Meter must have a half-hour warmup 
and the line voltage must be within +5 to —10% of 
nominal. 


5-4. SAFETY CONSIDERATIONS 


5-5. Although this instrument has been designed in 
accordance with international safety standards, this 
manual contains information, cautions, and 
warnings which must be followed to ensure safe 
operation and to retain the instrument in safe 
condition (see Sections II and III). Service and 
adjustments should be performed only by qualified 
service personnel. 


WARNING 


Any interruption of the _ protective 
(grounding) conductor (inside or outside 
the instrument) or disconnection of the 
protective earth terminal is likely to make 
the instrument dangerous. Intentional 
interruption is prohibited. 


5-6. Any adjustment, maintenance, and repair of 
the opened instrument with voltage applied should 
be avoided as much as possible and, when inevit- 
able, should be carried out only by a skilled person 
who is aware of the hazard involved. 


5-7. Capacitors inside the instrument may still be 
charged even if the instrument has been discon- 
nected from its source of supply. 


5-8. Make sure that only fuses with the required 
rated current and of the specified type (normal 
blow, time delay, etc.) are used for replacement. 
The use of repaired fuses and the shortcircuiting of 
fuseholders must be avoided. 


5-9. Whenever it is likely that the protection 
offered by fuses has been impaired, the instrument 
must be made inoperative and secured against any 
unintended operation. 


Adjustments described herein are per- 
formed with power supplied to the instru- 
ment while protective covers are removed. 
Energy available at many points may, if 
contacted, result in personal injury. 


5-10. EQUIPMENT REQUIRED 


5-11. The test equipment required for the adjust- 
ment procedures is listed in Table 1-2, Recom- 
mended Test Equipment. The critical specifications 
of substitute test instruments must meet or exceed 
the standards listed in the table if the Power Meter 
is to meet the standards set forth in Table 1-1, 
Specifications. 


5-12. FACTORY SELECTED COMPONENTS 


5-13. Factory selected components are indicated 
on the schematic and replaceable parts list with an 
asterisk immediately following the reference desig- 
nator. The nominal value of the component is 
listed. Table 5-1 lists the parts by reference 
designator and provides an explanation of how the 
component is selected, the normal value range, and 
a reference to the appropriate service sheet. The 
Manual Changes supplement will update any 
changes to factory selected component 
information. 


5-14. ADJUSTMENT LOCATIONS 


5-15. Each of the adjustments are shown on the 
component locator photographs that are part of 
the Service Sheets. 
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Table 5-1. Factory Selected Components 


Normal Value 
Range 


Reference 


Designator Selected For 


Service 
Sheet 
tf 


A2R7, Optimum Power Meter accuracy above 10 mW. Measure (to 3 significant digits) A2R7 

R12, R18 the +15 and —15V supply voltages at A9TP3 and TP4. Connect the Range 42,2 kQ 

and R81 Calibrator HP 116834 to the Power Meter’s sensor connector. IF the (40.0 kQQ to 
magnitude of the —15V supply exceeds the magnitude of the +15V supply OR 42.2 k{Q2) 
IF the magnitude of the +15V supply does not exceed the magnitude of the A2R12 
—15V supply by more than 0.5 Vdc, THEN select A2R12 for 10.00 to 100 kQ 
10.01 mW reading with a 10 mW input. (Increasing A2R12 increases the (20.0 kQ2 to 
reading.) With 100 mW input select A2R18 and R81 fora reading of 99.9 to 147 kQ2) 
100.0. (Increasing A2R18 and R81 increases the power meter reading.) Check A2R18 
the 10 mW and 30 mW full scale readings and choose compromise resistor 178 kQQ* 
values as necessary for a maximum +1 count error. IF the magnitude of the A2R81 


+15V supply exceeds the magnitude of the —15V supply by more than 0.5V 9.09 kQ* 


THEN change A2R7 to 40.0kQ, and follow the previous selection procedure. 


13.3 kQ 
(10 kQ to 
17.8 kQ) 


Adjust A2R69 FREQ (Frequency Adj) for maximum indication on digital 
readout, then check frequency of 220 MHz Multivibrator. If out of specifica- 
tion (220 +16 Hz) select value for A2R50 to produce maximum indication on 
digital readout while 220 Hz Multivibrator frequency is in specification. 


A2R50 


A8R5 
A2VR1,2 


A8VR2, 
A8R2 
A2C14 


NOTE: Do the Power Supply Adjustment (paragraph 5-23) first, then do the adjustments described in 
paragraphs 5-16 through 5-22, 


*Combined series resistance 147 kQ to 500 kQ, 


71002 
(71002 to 
7500Q) 


A Power Reference Oscillator output of 1 mW if this value falls outside the range 
of adjustment available with LEVEL ADJUST potentiometer A8R5 


Correct accuracy on the 30 mW, and 100 mW ranges when accuracy on the other 
ranges is within specifications. 


1) If the reference output power is outside the range of 1.000 +.007 mW be- 
tween 0°C and 55°C, and 

2) if the A8VR2, A8R2 combination is 5.11V —825Q, then change the A8SVR2, 

A8R2 combination to 8.25V-14702. However, if the A8VR2, A8R2 com- 

bination is already 8.25V—1470Q, then a problem exists elsewhere. 


Proper phase detector operation with a multivibrator frequency of 220 Hz. 4700 pF 
(2500 pF to 


10,000 pF) 
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5-16. DC OFFSET ADJUSTMENT 
REFERENCE: Service Sheet 8. 


DESCRIPTION: DC OFF potentiometer A3R2 is adjusted to remove any dc voltage introduced by the 


de amplifier 
Pp RANGE CALIBRATOR POWER METER 


POWER METFR SENSOR 


Figure 5-1. DC Offset Adjustment Setup 


EQUIPMENT: Range Calibrator . ..== = JHP 11683A 

PROCEDURE: 1. Set the Power Meter Switches as follows: 
GAL FACTOR.@ 1m) a2. _100 
POWER REF ...... . off (out) 
MODE’... .. Wwlolies ge zat eye WATE 
RANGEHOLD .... . off (out) 
TINEEE  . fON Gn) 


2. Set the Range Calibrator switches as follows: 


KUNCTIONS doeet- eee ae CALIBRATE 
POMARITYG ate een NORMALE 
TOANGES pe ee oul OO W 
ENE eee Pome Seti ON (itt) 


3. Connect the equipment as shown in Figure 5-1. 


4. Verify that the Power Meter autoranges to the 100 mW range, then set the RANGE 
HOLD switch to ON (in). 


5. Set the Range Calibrator FUNCTION switch to STANDBY. 


6. Remove the Power Meter top cover and adjust DC OFF potentiometer A3R2 so 
that the digital readout indicates 00.0 with a blinking minus sign. 


5-17. AUTO ZERO OFFSET ADJUSTMENT 
REFERENCE: Service Sheet 8. 


DESCRIPTION: ZERO OFF potentiometer A3R47 is adjusted to remove any dc offset that is intro- 
duced when the SENSOR ZERO switch is pressed. 


5-3 


Adjustments Model 436A 


ADJUSTMENTS 


5-17. AUTO ZERO OFFSET ADJUSTMENT (cont ‘d) 


RANGE CALIBRATOR POWER METER 


POWER METER 


Figure 5-2. Auto Zero Offset Adjustment Setup 


EQUIPMENT: Range Calibrator. . . . . . . HP11683A 

PROCEDURE: 1. Set the Power Meter switches as follows: 
CAL FACTOR: %.u% Jee 2100 
POWER REF 027.3 Emottiout) 
MODE rh ee CA Te: 
RANGEHOLD ... . . off (out) 
EINE ice htt) ene en) INCI) 


2. Set the Range Calibrator switches as follows: 


FUNCTION. . ... . . STANDBY 
POLARITY. 7) NORMA 
LINE) ee ee een a) 


3. Connect the equipment as shown in Figure 5-2. 


4. Verify that the Power Meter autoranges to the 10 u.W range, and remove the Power 
Meter top cover. 


NOTE 
If specified indication cannot be obtained in next step, 


perform DC Spike Balance Adjustment. Then repeat 
this procedure. 


5. Press and hold the Power Meter SENSOR ZERO switch and adjust ZERO OFF 
potentiometer A3R47 so that the digital readout indicates 0.00 with blinking 
minus sign. 


a 
5-18. SPIKE BALANCE ADJUSTMENT 


REFERENCE: Service Sheets 7 and 8. 
DESCRIPTION: A reference signal is applied to the Power Meter from the Range Calibrator to force 
the sensor zero circuit to its negative extreme. The SENSOR ZERO switch is then 


held pressed while BAL potentiometer A3R65 is adjusted to center the sensor zero 
circuit output voltage range. 
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5-18. SPIKE BALANCE ADJUSTMENT (cont'd) 


RANGE CALIBRATOR POWER METER 


POWER METER SENSOR 


Figure 5-3. Spike Balance Adjustment Setup 


EQUIPMENT: Range Calibrator. . ... . . HP 11683A 

PROCEDURE: 1. Set the Power Meter switches as follows: 
CAL RAC LORD a8 a ce LOO 
POWERFRER™. © 422° = off (out) 
MODES hes wien WATT 
RANGE HOLD ..... . off (out) 
LING aes pee res 6. 37, CONS (in) 


2. Set the Range Calibrator switches as follows: 


RUNCTIONS# 2-4)... \CALIBRATE 
POWARITY © .°. . 7". 4 NORMAL 
RANGE.) 2e.7 BMOIat's. LOOTEW 
DINE ae) v.08 ONZ(in) 


3. Remove the Power Meter top cover and adjust the front-panel CAL ADJ control 
so that the digital readout indicates 100.0 u.W 


4. Press and hold the Power Meter SENSOR ZERO switch and adjust BAL poteni- 
ometer A3R65 so that the display readout indicates 60.0 + 0.2 uW. 


NOTE 


The Power Meter sensor zero circuit must be 
re-zeroed as described in the following steps 
before valid power measurements can be made. 


5. Set the Range Calibrator FUNCTION switch to standby. Then press the Power 
Meter SENSOR ZERO switch and wait for the digital readout to stabilize. 


6. Release the Power Meter SENSOR ZERO switch and wait for the ZERO lamp to 
go out. 
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Deen eee ee eee ee eee ee ee EE 


5-19. MULTIVIBRATOR ADJUSTMENT 


REFERENCE: Service Sheet 7. 


DESCRIPTION: FREQ potentiometer A2R69 is adjusted to set the reference frequency of the multi- 
vibrator which drives the phase detector and the FET power sensor. 


RANGE 
CALIBRATOR METER 


TO A2TPS COUNTER 


POWER METER 


SENSOR 


Figure 5-4. Multivibrator Adjustment Setup 


EQUIPMENT: Range Calibrator. . . . . . . HP11683A 
Counter: iu be Lee Eee Dob 
PROCEDURE: 1. Set the Power Meter switches as follows: 


5-6 


CAL FACTOR 2eiitee) 200 
POWER REE © Gi Were = cOLl (out) 
MODE ai os hs vegew yee coms VAcUeL, 
RANGE HOLD 2.730 =) 108 (out) 
EN Ee ges sas eg NE) 


Set the Range Calibrator switches as follows: 


FUNCTIONS) S O09, .AUCALIBRATE 
POLARITY. ... .. . NORMAL 
LINE) ee A ee eee ONaar) 


Connect the equipment as shown in Figure 5-4. 


Remove the Power Meter top cover, adjust FREQ potentiometer A2R69 to obtain 
maximum indication on the digital readout, and verify that the counter indicates 
220 + 16 Hz. 


Perform the Instrument Accuracy Test described in Section IV to verify overall 
Power Meter accuracy. If all indications are obtained as specified, the adjustment 
is complete. If any indication cannot be obtained as specified, perform the A-D 
Converter and Linear Meter Adjustment. 
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5-20. A-D CONVERTER AND LINEAR METER ADJUSTMENT 
REFERENCE: Service Sheets 7 and 8. 


DESCRIPTION: The A-D converter circuit is adjusted to obtain the specified digital readout accuracy 
and the meter circuit is adjusted for a corresponding indication. 


RANGE 
CALIBRATOR POWER METER DIGITAL VOLTMETER 


= 
l RECORDER | 
OUTPUT 


POWER METER 


SENSOR 


Figure 5-5. A-D Converter and Linear Meter Adjustment Setup 


EQUIPMENT: Range Calibrators... .....,.. +): HPW1683A 
Digital Voltmeter (DVM). . . . HP 3456A 

PROCEDURE: 1. Set the Power Meter switches as follows: 
CAIVE ACTOR re. ere ae O0 
POWER RE aye... 1Ot (out) 
NODE Ges Fr sees LeWATT 
RANGEHOLD .... . off (out) 
LINC ee ome ae oe NA 111) 


2. Set the Range Calibrator switches as follows: 


FUNCTION ae ste> «STANDBY 
AN GE eee ty oT in lemW. 
ROLARITY teeta NORMAL 
PINE SY, 2o pe meee. &. ee) RerONi (in) 


3. Connect the equipment as shown in Figure 5-5. 
4. Remove the Power Meter top cover and set the DVM to the 1000 mV range. 


5. Press the Power Meter SENSOR ZERO switch and wait for the display readout to 
stabilize. Then release the SENSOR ZERO switch and wait for ZERO led to go 
out before proceeding to the next step. 


6. Set the Range Calibrator FUNCTION switch to CALIBRATE and adjust the 
Power Meter front-panel CAL ADJ control to obtain a 1.000 Vdc indication on 
the DVM. 


7. Adjust the Power Meter LIN potentiometer A3R37 so that the digital readout in- 
dicates 1.000 mW. 
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5-20. A-D CONVERTER AND LINEAR METER ADJUSTMENT (cont'd) 


8. Set the Power Meter MODE and RANGE HOLD switches to dBm and on (in), 
respectively. 


NOTE 
The next step sets the A-D log threshold. When the speci- 
fied indication (—10.00 dBm) is obtained, the digital read- 
out should be just on the verge of blanking, i.e., the readout 
may randomly alternate between —10.00 and UNDER 
RANGE, —1. 


9. Set the Range Calibrator RANGE switch to —10 dBm and adjust the power 
meter LZR, A3R59, for —10 dBm. 


10. Set the Power Meter RANGE HOLD switch to off (out) and the Range Calibrator 
RANGE switch to 1 mW. 


11. Adjust Power Meter LFS potentiometer A3R48 so that the digital readout indi- 
cates —0.00. 


12. Set the Power Meter MODE switch to WATT and adjust MTR potentiometer 
A8R17 so that the pointer is aligned half way between the last two marks on the 
meter face. 


5-21. POWER REFERENCE OSCILLATOR FREQUENCY ADJUSTMENT 


NOTE 


Adjustment of the Power Reference Oscillator frequency may also affect the 
output level of the oscillator. Thus after the frequency is adjusted to 50.0 + 0.5 
MHz, the output level should be checked as described in Section IV. A procedure 
for adjusting the output to the specified level is provided in the next paragraph. 


REFERENCE: Service Sheet 14. 


DESCRIPTION: Variable inductor A8L1 is adjusted to set the power reference oscillator output fre- 
quency to 50.0 + 0.5 MHz. 


POWER METER COUNTER 


Figure 5-6. Power Reference Oscillator Frequency Adjustment Setup 
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5-21. POWER REFERENCE OSCILLATOR FREQUENCY ADJUSTMENT (cont'd) 


EQUIPMENT: COUN TEDs et et ee hee RFI LE Ook OA 
PROCEDURE: 1. Set the Power Meter LINE switch to ON (in) and the POWER REF switch to off 
(out). 


2. Set up the counter to measure frequency and connect the equipment as shown in 
Figure 5-6. 


3. Set the Power Meter POWER REF switch to ON (in) and observe the indication 
on the counter. If it is 50.0 + 0.5 MHz, no adjustment of the power reference 
oscillator frequency is necessary. If it is not within these limits, adjust the power 
reference oscillator frequency as described in steps 4 through 9. 


4. Remove the Power Meter top cover. 


CAUTION 


Take care not to ground the +15V or —15V inputs to the 
power reference oscillator when performing the following 
steps. Grounding either of these inputs could damage the 
power reference oscillator, and/or the power supply. 


5. Grasp the power reference oscillator assembly firmly, and remove the four screws 
which secure it to the Power Meter chassis. 


6. Tilt the power reference oscillator assembly to gain access to the circuit board 
underneath the metal cover, and adjust A8L1 to obtain a 50.00 + 0.5 MHz indi- 
cation on the counter. 


7. Reposition the power reference oscillator on the Power Meter chassis but do not 
replace the mounting screws. 


8. Observe the indication on the counter. If it is 50.0 + 0.5 MHz, the adjustment 
procedure is complete. If it is not within these limits, repeat steps 6 and 7 except 
offset the power reference oscillator frequency as required to obtain a 50.0 + 
0.5 MHz indication on the counter when the power reference oscillator assembly 
is repositioned on the Power Meter chassis. 


9. Replace the four screws which secure the power reference oscillator to the Power 
Meter chassis. 
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5-22. POWER REFERENCE OSCILLATOR LEVEL ADJUSTMENT 
REFERENCE: Service Sheet 14. 


DESCRIPTION: The power reference oscillator output is factory-adjusted to 1 mW + 0.7% using a special 
measurement system accurate to 0.5% (traceable to the National Bureau of Standards) 
and allowing for a 0.2% transfer error. To ensure maximum accuracy in readjusting the 
power reference oscillator, the following procedure provides step-by-step instructions 
for using specified Hewlett-Packard instruments of known capability. If equivalent in- 
struments are used, signal acquisition criteria may vary and reference should be made 
to the manufacturer’s guidelines for operating the equipment. 


NOTE 


The Power Meter may be returned to the nearest HP 
office to have the power reference oscillator checked 
and/or adjusted. Refer to Section II, PACKAGING. 


POWER METER 432A DIGITAL VOLTMETER 


THERMISTOR 


POWER REF 
MOUNT 


OUTPUT 


Figure 5-7. Power Reference Oscillator Level Adjustment Setup 


EQUIPMENT: Power Meter’ 205.0 0. 2 eel eH Pao ZA 
Thermistor Mount .... . . HP 478A-H75 
Digital Voltmeter (DVM). . . . HP 3456A 


PROCEDURE: 1. Setup the DVM to measure resistance and connect the DVM between the VRE con- 
nector on the rear panel of the 432A and pin 1 on the thermistor mount end of the 
432A interconnect cable. 


2. Round off the DVM indication to two decimal places and record this value as the in- 
ternal bridge resistance (R) of the 432A (approximately 200 ohms). 


3. Connect the 432A to the Power Meter as shown in Figure 5-7. 


4. Set the Power Meter LINE switch to ON (in) and the POWER REF switch to off (out). 
Then wait thirty minutes for the 432A thermistor mount to stabilize before proceed- 
ing to the next step. 


5. Set the 432A RANGE switch to COARSE ZERO and adjust the front-panel COARSE 
ZERO control to obtain a zero meter indication. 


6. Fine zero the 432A on the most sensitive range, then set the 432A RANGE switch to 
1 mW. 


SEE EER ee ee 
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5-22. POWER REFERENCE OSCILLATOR LEVEL ADJUSTMENT (cont'd) 


10. 


12. 


13. 


NOTE 


Ensure that the DVM input leads are isolated from chassis 
ground when performing the next step. 


Set up the DVM to measure microvolts and connect the positive and negative inputs 
leads, respectively, to the VCOMP and VRE connectors on the rear panel of the 
432A. 


Observe the indication on the DVM. If less than 400 microvolts, proceed to the next 
step. If 400 microvolts or greater, press and hold the 482A FINE ZERO switch and 
adjust the COARSE ZERO control so that the DVM indicates 200 microvolts or less. 
Then release the FINE ZERO switch and proceed to the next step. 


Round off the DVM indication to the nearest microvolt and record this value as Vo- 


Disconnect the DVM negative input lead from the Vp connector on the 432A and 
reconnect it to chassis ground. 


Set the Power Meter POWER REF switch to ON (in) and record the indication ob- 
served on the DVM as VCOMP - 


Disconnect the DVM negative input lead from chassis ground and reconnect it to the 
Vr connector on the rear panel of the 432A. The DVM is not set up to measure 


V, which represents the power reference oscillator output level. 


Calculate the value of V1 equal to 1 milliwatt from the following equation: 


V, — Vo = Voome~V “eomp )? — (10) (4R) (EFFECTIVE EFFICIENCY) 


where: 


9 = previously recorded value 


Vcomp = Previously recorded value 
10° =1 milliwatt 
R = previously recorded value 


EFFECTIVE EFFICIENCY = value for thermistor mount at 50 MHz (traceable to the 


National Bureau of Standards). 


14. Remove the Power Meter top cover and adjust LEVEL ADJUST potentiometer 


A8R4 so that the DVM indicates the calculated value of Wok 
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5-22. POWER REFERENCE OSCILLATOR LEVEL ADJUSTMENT (cont'd) 


TYPICAL 
CALCULATIONS: 1. ACCURACY: 
DVM Measurements: (Voomp) +0.018% 
(HP 3490A —90 days, 23°C +5°C) (V, —V,) +£0.023% 
(R) +0.03% 
Math Assumptions : +0.01% 
EFFECTIVE EFFICIENCY CAL (NBS): +0.5% 
MISMATCH UNCERTAINTY : 
(Source & Mount SWR <1.05) +0.1% 
< +0.7% 


2. MATH ASSUMPTIONS: 


— PR eK ee 2 
2V come (V, Vo) L Vo V, 


a (4R) (EFFECTIVE EFFICIENCY) 


Assume: Vie ate Nie = (V, 3 Vans 
ti ee Re eM eV Ve 
Wants aN ey 1a 
error *.(V.2+2V,V,—V.)=(V, V2) =—2V,7 $2V, Vi = 2V, (Vee 


if 2Vo (V, FNo SEY, eo) be: Vy <= V. error is negligable. 


COMP (V, COMP °? 


V ~ 4volts. If Vo < 400 nV, error is < 0.01%. 


comP 
(typically V, can be set to <50 uV). 


3. Derivation of Formula for V, om Vo 


PA. PR Deals 2 
Pes) pe COMEA A ROL Cents 2 
RF (4R) (EFFECTIVE EFFICIENCY) 


Desired P,. = 1 mW = LO 
ae a 2 
2Vv V,)+V.2—-V, 


Te come (Y; 


(4R) (EFFECTIVE EFFICIENCY) 


Let (4R) (EFFECTIVE EFFICIENCY) (10° ) = K 
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5-22. POWER REFERENCE OSCILLATOR LEVEL ADJUSTMENT (cont'd) 
Substitute —(V, — V, )? for Veo a vA (see Math Assumptions under Accuracy) 
Then,0= (Ve AaVi)> ONE Seo (V, aa Vay eK 


= = pay Pas ste 
or V, — Yo = Voomp (Vcomp) K 


5-23. POWER SUPPLY ADJUSTMENTS?* 
REFERENCE: See Service Sheet 15. 


DESCRIPTION: While the Power Meter is measuring an equivalent 10 mW signal from the 11683A 
Range Calibrator, the +15V supply is adjusted for a Power Meter indication of 
9.99 mW to 10.01 mW. Then the range to range accuracy is checked (performance 
test 4-11). Finally, if all ranges are within limits, the +15V and —15V supplies 
are measured with a digital voltmeter. 


EQUIPMENT: Digital Voltmeter (DVM). . . . HP 3456A 
Calibrator. ray elo HP 11683A 

PROCEDURE: 1. Set the Power Meter switches as follows: 
GAL FACTOR %. .. . « 100 
POWER REF ........ off (out) 
MOD Rete ol. sea eta te LO Le 
RANGE HOLD ... .. . off (out) 
MINE ot bienie oeleeaeis- 3. ON (in) 


2. Set the Range Calibrator switches as follows: 


FUNCTION. .... . . CALIBRATE 
POUARLEYS. ee. NORMAL 
TUAING We ey ee eet ee LOW 

BUN Eg outecca ty) sn late sy eae CN (ITT) 


8. Connect the Power Meter to the Range Calibrator. 
4. Zero the Power Meter: 
a. Set the Range Calibrator FUNCTION switch to STANDBY. 


b. Press and hold the Power Meter SENSOR ZERO switch and wait for the 
digital readout to stabilize. 


c. Release the Power Meter SENSOR ZERO switch; wait for the ZERO 
lamp to go out before proceeding. 


d. Set the Range Calibrator FUNCTION switch to CALIBRATE. 


5. Adjust AYR3 (+15V) for a Power Meter indication of 9.99 mW to 10.01 mW. 


+Refer to Section VII, Manual Changes, for backdating information. 
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5-23. POWER SUPPLY ADJUSTMENTS (cont'd) 
6. Check Power Meter range-to-range accuracy (Performance Test 4-11). 


7. Measure and record the dc voltage at AYTP3 br 15V). The voltage should be 
between —15.5V and —14.5V. 


8. Measure the dc voltage at AOTP4 (+15V). The voltage should be within 150 mV 
of the absolute value of the voltage recorded in step 6. 
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SECTION VI 
REPLACEABLE PARTS 


6-1. INTRODUCTION 


6-2. This section contains information for ordering 
parts. Table 6-1 lists abbreviations used in the parts 
list and throughout the manual. Table 6-2 lists all 
replaceable parts in reference designation order. 
Table 6-3 contains the names and addresses that 
correspond with the manufacturers’ code numbers. 


6-3. ABBREVIATIONS 


6-4. Table 6-1 lists abbreviations used in the parts 
list, schematics and throughout the manual. In 
some cases, two forms of the abbreviation are used, 
one all in capital letters, and one partial or no 
capitals. This occurs because the abbreviations in 
the parts list are always all capitals. However, in 
the schematics and other parts of the manual, 
other abbreviation forms are used with both lower 
case and upper case letters. 


6-5. REPLACEABLE PARTS LIST 


6-6. Table 6-2 is the list of replaceable parts and is 
organized as follows: 


a. Electrical assemblies and their compo- 
nents in alpha-numerical order by reference 
designation. 


b. Chassis-mounted parts in alpha-numerical 
order by reference designation. 


c. Miscellaneous parts. 


The information given for each part consists of the 
following: 
a. The Hewlett-Packard part number. 


b. The check digit (CD). 


c. The total quantity (Qty) used in the 
instrument. 


d. The description of the part. 


e. A typical manufacturer of the part in a 
five-digit code. 


f. The manufacturer’s number for the part. 


The total quantity for each part is given only once 
at the first appearance of the part number in the 
list. 


6-7. ORDERING INFORMATION 


6-8. To order a part listed in the replaceable parts 
table, quote the Hewlett-Packard part number, 
indicate the quantity required, and address the 
order to the nearest Hewlett-Packard office. 


6-9. To order a part that is not listed in the 
replaceable parts table, include the instrument 
model number, instrument serial number, the 
description and function of the part, and the 
number of parts required. Address the order to the 
nearest Hewlett-Packard office. 


6-10. PARTS PROVISIONING 


6-11. Stocking spare parts for an instrument is 
often done to ensure quick return to service after a 
malfunction occurs. Hewlett-Packard has a Spare 
Parts Kit available for this purpose. The kit consists 
of selected replaceable assemblies and components 
for this instrument. The contents of the kit and the 
Recommended Spares list are based on failure 
reports and repair data, and parts support for one 
year. A complimentary Recommended Spares list 
for this instrument may be obtained on request 
and the Spare Parts Kit may be ordered through 
your nearest Hewlett-Packard office. 


6-12. DIRECT MAIL ORDER SYSTEM 


6-13. Within the USA, Hewlett-Packard can supply 
parts through a direct mail order system. Advan- 
tages of using the system are: 


a. Direct ordering and shipment from the HP 
Parts Center in Mountain View, California. 


b. No maximum or minimum on any mail 
order (there is a minimum order amount for parts 
ordered through a local HP office when the orders 
require billing and invoicing). 

c. Prepaid transportation (there is a small 
handling charge for each order). 


d. No invoices — to provide these advan- 
tages, a check or money order must accompany 
each order. 


6-14. Mail order forms and specific ordering 
information is available through. your local HP 
office. Addresses and phone numbers are located at 
the back of this manual. 
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Table 6-1. Reference Designations and Abbreviations (1 of 2) 


REFERENCE DESIGNATIONS ) 


eeu sh octets dees assembly.) Wa ee eet miscellaneous P ... electrical connector U..... integrated circuit; 


AT .. attenuator; isolator; electrical part (movable portion); microcirceuit 
termination Lee eee wes Brune aL om fuse plug V eas electron tube 
Bite cdeesvenonotere fan; motor BLT ct tector meee filter Qe hes transistor: SCR; VR .... voltage regulator; 
BT a att anewae battery is Ulam EWy aerate hard ware triode thyristor breakdown diode 
Cha eet ve ties capacitor ELV Pieris nae nae circulator Baits to aitciteyerito. sous resistor W .... cable; transmission 
CPt SENS coe. coupler J... electrical connector Rah alee nee thermistor path; wire 
CRyn ernest diode; diode (stationary portion); Sigs ican Seek ee wort switch Xd Biren ene 1k ae ee . socket 
thyristor; varactor jack TR he nla transformer Y .... crystal unit (piezo- 
DC ... directional coupler TB ...... terminal board electric or quartz) 
DLs sate. .... delay line Kags Mame iaware hse es relay od 0 Oe irae Lae thermocouple Z.... tuned cavity; tuned 
DS sere cise ee annunciator; Euay eats coil; inductor TR ee etek test point circuit 
signaling device IME Pon chore sane ketene hanes meter 
(audible or visual); MP ae Sete. miscellaneous 
lamp; LED mechanical part 


ABBREVIATIONS 


Ais ens Uae ecm moet 8 ampere COEF ....... coefficient DP etnies electronic data ENT esas ..... internal 
ac.... alternating current COMOa aah free common processing eRe cau cees orem kilogram 
ACCESS ..... accessory COMP ..... composition ELECT: ae: electrolytic KHZ)... oi \Gas See kilohertz 
ADI aks adjustment COMPLve ss complete ENCAP .... encapsulated 0 eer kilohm 
A/D .... analog-to-digital CONN ....... connector EXE ee weber external OV aye! 5) Cee eee kilovolt 
AF ..... audio frequency CPa rare: cadmium plate ) Pee nr SMe Soleo ehts farad Ib) 22),. 2a ee pound 
AFC voc at aba ake automatic CRT ... cathode-ray tube BETS en field-effect Li@e a a eee eee inductance- 
frequency control CTL .... complementary transistor capacitance 
AGC inca automatic gain transistor logic INET anata cee flip-flop LED .. light-emitting diode 
control CW ees continuous wave BAG ee ..... flat head LES.A3.45 low fr2quency 
ATs su eeereten: aluminum CW Nee th cee ints clockwise RIL A ee. fillister head LG ig 3s ss ee long 
ALG se . 58 automatic level CMU aes heen centimeter FM. .frequency modulation LH be Pi ee ee left hand 
control D/A .... digital-to-analog FPS eee eet Ree front panel LIM) 20435, «kee eee limit 
AM... amplitude modula- GBs sie ee decibel FREQY. cae frequency LIN... _ linear taper (used 
tion dBm .... decibel referred BX Desc secret craic fixed in parts list) 
AMPLY cue stecochs amplifier to 1 mW Beers delet gram link ea. ee linear 
APC .... automatic phase (8 Feed ated in bow Be by direct current GEV oe tee germanium LK WASH ... lock washer 
control deg .. degree (temperature GR ee gigahertz LO ... low; local oscillator 
ASS YU aaa assembly interval or differ- Vo DE Oa oe Cee eee glass LOG .... logarithmic taper 
AUXS. ane e auxiliary Al ence) GRID is ground (ed) (used in parts list) 
BV Boi eieucys! etensiene average se Pepe ates ee degree (plane EAE ecr) te cect uae pee henry IOP re a ee logrithm (ic) 
AWG .... American wire S angle) | YN Aer k ace Aah hour LPF ..... low pass filter 
gauge C ...... degree Celsius FAB Tee ct sia heterodyne LV hes eee low voltage 
BAL Wy Marcos balance fe (centigrade) LUD. S aes Og Bee hexagonal Meee meter (distance) 
BOD eke: binary coded oF .... degree Fahrenheit HDi icteee oon ole wreaks head WAT AEs. eee milliampere 
decimal 1 tee ae degree Kelvin ERED Wi oa cn aitces hard ware MAX Ze pee maximum 
BD S500 40 cc ee board DEPC .. deposited carbon HE es high frequency MS2 ecg ee ee megohm 
BE CU: beryllium DET eee detector HGin mae ate sone 3 mercury MEG .... meg (106) (used 
copper diam sets. che ce diameter LOAN Reed dise paren enim high in parts list) 
BROW: 4, beat frequency DIA ... diameter (used in HP Pen cat Hewlett-Packard MET FLM .... metal filtn 
oscillator parts list) BPR eiiei. high pass filter MET OX .. metallic oxide 
BH .%, 223". 2: binder head DIFF AMPL.. differential HR eee hour (used in MF ... medium frequency; 
BKDN...... breakdown amplifier parts list) microfarad (used in 
BPs eee bandpass GV hee een denon aire division | 8) Sahay, oma er high voltage Parts list) 
BRRai ta bandpass filter DPD? double-pole, BAZ ars Ce peWarete esas a leks Hertz MER oie eee manufacturer 
BRS 5 epietoe ce brass double-throw IC .... integrated circuit MG ee eee milligram 
BWO..... backward-wave DRY 5 ainte ere drive LD Pie e: inside diameter M22... 5 ee megahertz 
Oscillator DSB .... double sideband 18 te on eeGremtieeslA intermediate MAS aes ce ee millihenry 
CALS ard aa rene calibrate DTL .... diode transistor frequency MH s ois Be ee mho 
ccw .. counter-clockwise logic IMP Gs. impregnated MIN? Sathana minimum 
CER ree cori. ceramic DVM ... digital voltineter ATS e aces atts: ic edresea ls inch Minion ae minute (time) 
CHAN gaunt is channel ECL .... emitter coupled INGD aoa incandescent Tf tn Sa Eee he minute (plane 
CIV Wn ceranete Crs centimeter logic INCE Rt -yaecier include(s) angle) 
CMO .. cabinet mount only EMF .. electromotive force LR fhe acs AT eR Se input MINAT <0 se miniature 
COA el ere: coaxial TNS Giese to seie insulation MM) oe millimeter 


NOTE 


All abbreviations in the Parts list will be in upper-case. 


Model 436A 


modulator 
momentary 
metal-oxide 
semiconductor 
millisecond 
mounting 
meter (indicating 
device) 
millivolt 
millivolt, ac 
millivolt, dc 
millivolt, peak 
millivolt, peak- 
to-peak 
millivolt, rms 
milliwatt 
multiplex 
mylar 
microampere 
microfarad 
microhenry 
micromho 
microsecond 
microvolt 
microvolt, ac 
microvolt, dc 
microvolt, peak 
microvolt, peak- 
to-peak 
microvolt, rms 
microwatt 
nanoampere 
no connection 
normally closed 
neon 
negative 
nanofarad 
nickel plate 
normally open 


negative-positive- 
negative 
negative-positive 
zero (zero tempera- 
ture coefficient) 
. not recommended 
for field replace- 
ment 
not separately 
replaceable 
nanosecond 
nanowatt 
order by descrip- 
tion 


outside diameter 
oval head 
OP AMPL operational 


amplifier 


peak (used in parts 
list) 
pulse-amplitude 
modulation 
printed circuit 
pulse-code modula- 
tion; pulse-count 
modulation 
pulse-duration 
modulation 
Picofarad 
phosphor bronze 
Phillips 
positive-intrinsic- 
negative 
peak inverse 


oscillator 
phase modulation 
Positive-negative- 
positive 


polystyrene 
porcelain 
. positive; position(s) 
(used in parts list) 
Position 
potentiometer 
peak-to-peak 
peak-to-peak (used 

in parts list) 
pulse-position 

modulation 
PREAMPL ... preamplifier 
PRF pulse-repetition 

frequency 

pulse repetition 


modulation 
pulse-width 
modulation 


All abbreviations in the 


Table 6-1. Reference Designations and Abbreviations (2 of 2) 


peak working 
voltage 

resistance- 
capacitance 

rectifier 

reference 

regulated 

replaceable 

radio frequency 

radio frequency 
interference 

round head; right 


resistance- 
inductance- 
capacitance 

. rack mount only 
root-mean-square 


read-only memory 
rack and panel 
reverse working 
voltage 
scattering parameter 
second (time) 
second (plane angle) 
slow-blow (fuse) 
(used in parts list) 
silicon controlled 
rectifier; screw 
selenium 
sections 
SEMICON semicon- 
ductor 
superhigh fre- 
quency 
silicon 


. signal-to-noise ratio 

single-pole, 
double-throw 

spring 

split ring 

single-pole, 

single-throw 
single sideband 
stainless steel 


standing-wave ratio 
synchronize 
T .. timed (slow-blow fuse) 
tantalum 
temperature 

compensating 


NOTE 


parts list will be in upper-case. 


MULTIPLIERS 


Abbreviation 


T 
G 
M 
k 
da 
d 
c 
m 
Lu 
n 
p 
f 
a 


Prefix Multiple 


tera 
giga 
mega 
kilo 
deka 
deci 
centi 
milli 
micro 
nano 
pico 
femto 
atto 


UH. 


Replaceable Parts 


time delay 
terminal 


titanium 
tolerance 
trimmer 
transistor 


television 
television interference 
traveling wave tube 
micro (10°) (used 
in parts list) 
microfarad (used in 
parts list) 
ultrahigh frequency 
unregulated 
volt 
voltampere 
volts, ac 
variable 
. voltage-controlled 
oscillator 
volts, dc 
volts, dc, working 
(used in parts list) 
volts, filtered 
variable-frequency 
oscillator 
very-high fre- 
quency 
volts, peak 
volts, peak-to-peak 
volts, rms 
voltage standing 
wave ratio 
voltage-tuned 
oscillator 
vacuum-tube 
voltmeter 
volts, switched 


working inverse 
voltage 
wirewound 
without 
yttrium-iron-garnet 
characteristic 
impedance 


Replaceable Parts Model 436A 


Table 6-2. Replaceable Parts 


FRONT PANEL ASSEMBLY 


Reference 


: Mfr Part Number 
Designation 


00436-60020 


Al 00436-60020 


00436-60007 


DISPLAY ASSEMBLY 


A1Al 00436-60007 


150D225X9020A2 
1$00226X90 1SB2 


CAPACITOR-FXD 2.2UF+-10% 20VDC TA 
CAPACITOR-FXD 22UF+-10% 1SVDC TA 


0180-0197 
0180-0228 


AlAICI 
AlA1C2 


1901-0518 
1901-0518 


DIODE-SM SIG SCHOTTKY 
DIODE-SM SIG SCHOTTKY 


1901-0518 
1901-0518 


ATAICRI 
AIAICR2 


© © 


A1A1DS1 1990-0450 4 LED-LAMP LUM-INT=800UCD IF=SOMA-MAX $082- 4484 
A1A10S2 1990-0450 4 LED-LAMP LUM-INT=800UCD IF=SOMA-MAX $082- 4484 
A1A1DS3 1990-0450 4 LED-LAMP LUM-INT=800UCD IF=SOMA-MAX $082- 4484 
A1A1DS4 1990 -0450- 4 LED-LAMP LUM-INT=800UCD IF=SOMA-MAX $082- 4484 
A1A1DS9 1990-0450 4 LED-LAMP LUM-INT=800UCD IF=SOMA-NAX $082-4484 


A1A1DS6 1990-0450 4 LED-LAMP LUM-INT=800UCD IF=SOMA-MAX 082-4484 
A1A1DS7 1990-0450 4 LED-LAMP LUM-INT=800UCD IF=SOMA-MAX $082- 4484 
A1A1DS8 1990-0450 4 LED-LAMP LUM-INT=800UCD IF=SOMA-MAX $082-4484 
A41A1DS9 1990-0450 4 LED-LAMP LUM-INT=800UCD IF=SOMA-MAX S$082- 4484 
A1A1DS10 1990-0450 4 LED-LAMP LUM-INT=800UCD IF=SOMA-MAX $082-4484 


AIA1S1 1251-3944 1 CONNECTOR S-PIN M POST TYPE 1251-3944 
A1A1IJ2 1200-0473 8 SOCKET-IC 16-CONT DIP DIP-SLDR 1200-0473 
A1A1J3 1200-0473 8 SOCKET-IC 16-CONT DIP DIP-SLDR 1200-0473 


TRANSISTOR PNP SI PD=300MW FT=1S50MHZ 1853-0020 


> 


A1A1Q1 1853-0020 


CSP07C07-103J 


NETWORK-RES 7-SIP10.0K OHM X 6 


ATAIRI 1810-0151 


Z 
A1AIR2 0757-0401 0 RESISTOR 100 1% .125W F TC=0+-100 C4-1/8-T0-101-F 
ATATRS 0698-3441 8 RESISTOR 215 1% .125W F TC=0+-100 C4-1/8-T0-21SR-F 
A1A1R4 0698-3441 8 RESISTOR 215 1% .125W F TC=0+-100 C4-1/8-T0-215R-F 
8 


A1AIRS 0698-3441 RESISTOR 215 1% .125W F TC=0+-100 C4-1/8-T0-215R-F 


C4-1/8-T0-215R-F 
C4-1/8-T0-215R-F 


RESISTOR 215 1% .125W F TC=0+-100 
RESISTOR 215 1% .125W F TC=0+-100 


0698-3441 
0698-3441 


ATA1R6 
ATA1R7 


ce © 


ATAIU 1820-1361 g IC DCDR TTL BCD-T0-7-SEG 4-TO-7-LINE 9374PC 
A1A1U2 1820-1361 ©) Ic DCDR TTL BCD-T0-7-SEG 4-TO-7-LINE 9374PC 
A1A1U3 1820-1361 9 Ic DCDR TTL BCD-T0-7-SEG 4-TO-7-LINE 9374PC 
A1A1U4 1820-1361 ) IC DCDR TTL BCD-TO-7-SEG 4-TO-7-LINE 9374PC 
A1A1US 1820-0174 0 IC INV TTL HEX SN740 4N 


A1A1U6 1990-0490 2 DISPLAY-NUM-SEG 1-CHAR .3-H $082-7730, 

A1A1U7 1990 -0490 Z DISPLAY-NUM-SEG 1-CHAR .3-H $082-7730, CAT D 
A1A1U8 1990-0490 2 DISPLAY-NUM-SEG 1-CHAR .3-H $082-7730, CAT D 
A1A1US 1990-0490 2 DISPLAY-NUM-SEG 1-CHAR .3-H $082-7730, CAT D 
A1A1U10 1990-0490 2 DISPLAY-NUM-SEG 1-CHAR .3-H $082-7730, CAT D 


ATA1XU1 1200-0473 8 SOCKET-IC 16-CONT DIP DIP-SLDR 1200-0473 
A1A1XU2 1200-0473 8 SOCKET-IC 16-CONT DIP DIP-SLDR 1200-0473 
A1A1XU3 1200-0473 8 SOCKET-IC 16-CONT DIP DIP-SLDOR 1200-0473 
A1A1XU4 1200-0473 8 SOCKET-IC 16-CONT DIP DIP-SLDR 1200-0473 


A1A1XUS NOT ASSIGNED 


DIP-SLDR 1200-0508 


SOCKET-IC 14-CONT 


A1A1XU6 1200-0508 


A1A1XU7 1200-0508 SOCKET-IC 14-CONT DIP-SLDR 1200-0508 
A1A1XU8 1200-0508 SOCKET-IC 14-CONT DIP-SLDR 1200-0508 
A1A1XU9 1200-0508 SOCKET-IC 14-CONT DIP-SLDR 1200-0508 
A1A1XU10 1200-0508 SOCKET-IC 14-CONT DIP-SLDR 1200-0508 


A1A1 MISCELLANEOUS PARTS 


ORDER BY DESCRIPTION 


0520-0128 SCREW-MACH 2-S6 .2S-IN-LG PAN-HD-POZI 


2190-0045 WASHER-LK HLCL NO. 2 .088-IN-ID 2190-0045 
3050-0079 WASHER-FL NM NO. 2 .094-IN-ID .188-IN-OD 3050-0079 
3050-0098 WASHER-FL MTLC NO. 2 .094-IN-ID 3050-0098 


AlA2 00436-60008 PUSHBUTTON SWITCH ASSEMBLY 00436-60008 


AIA2T1 1200-0508 SOCKET-IC 14-CONT DIP-SLDR 1200-0508 


AlA2MP1 - 
A1A2MP6 


PUSHBUTTON .230X.390X.397 IN H: JADE 0370-2486 


0370-2486 


A1A2R1 0787-0438 RESISTOR S.11K 1% .125W F TC=0+-100 C4-1/8-T0-5111-F 


A1A2R2 0757-0442 RESISTOR 10K 1% .125W F TC=0+-100 C4-1/8-T0-1002-F 
ATAZR3 0757-0442 RESISTOR 10K 1% .125W F TC=0+-100 C4-1/8-T0-1002-F 
A1A2R4 0757-0442 RESISTOR 10K 1% .12S5W F TC=0+-100 C4-1/8-T0-1002-F 


See introduction to this section for ordering information 
*Indicates factory selected value 
6-4 tBackdating information in Section VII 


Model 436A Replaceable Parts 


Table 6-2. Replaceable Parts 


t |C en, 


Reference 
Designation 


Mfr Part Number 


ATA2S1 


A1A2U1 


A1A3 


A1A3R1 
ATA3R2 
A1A3R3 
A1A3R4 
ATA3R5 


ATA3R6 
A1A3R7 
AiA3R8 
ATA3R9 
A1A3R10 


A1A3R11 
ATA3R12 
A1A3R13 
A1A3R14 
ATA3R15 


ATA3R16 


A1A3S1 


3101-1901 


1820-0175 


0520-0128 
2190-0045 


00436-60027 


0757-0346 
0757-0346 
0757-0346 
0757-0346 
0757-0346 


0757-0346 
0787-0346 
0757-0346 
0757-0346 
0757-0346 


0757-0346 
0757-0346 
0757-0346 
0757-0346 
0757-0346 


2100-0600 


3100-3318 


0370-2774 
2190-0016 
2950 -0043 
3050 -0032 
3050-1167 


1120-0584 
090-0505 


2190-0002 


00436-60039 


0180-1746 
0180-1746 
0180-2206 
0180-0229 
0160-0160 


0180-2206 
0180-0197 
0160-2290 
0160-2199 
0160-0160 


0160-2290 
0160-0160 
0160-2290 
0160-0157 
0180-1746 


0160-2055 
0160-2261 
0180-0229 
0160-3439 
0160-3439 


NNNNN NNNN NY 


NNN ND PY 


ADPWH WNAROLH OnNP On 


AN Too 


SWITCH-PB 9-STATION 15MM C-C SPACING 


Ic INV TTL HEX 1-INP 


A1A2 


MISCELLANEOUS PARTS 


SCREW-MACH 2-S6 .25-IN-LG PAN-HD-POZI 
WASHER-LK HLCL NO. 2 .088-IN-ID 


CAL FACTOR SWITCH ASSEMBLY (INCLUDES W3) 


RESISTOR 
RESISTOR 
RESISTOR 
RESISTOR 
RESISTOR 


RESISTOR 
RESISTOR 
RESISTOR 
RESISTOR 
RESISTOR 


RESISTOR 
RESISTOR 
RESISTOR 
RESISTOR 
RESISTOR 


RESISTOR-TRMR 


-125W F TC=0+-100 
.12S5W F TC=0+-100 
.125W F TC=0+-100 
.125W F TC=0+-100 
.125W F TC=0+-100 


.125W F TC=0+-100 
.125W F TC=0+-100 
.125W F TC=0+-100 
.125W F TC=0+-100 
.125W F TC=0+-100 


.125WU F TC=0+-100 
.125W F TC=0+-100 
.126W F TC=0+-100 
.125W F TC=0+-100 
.125W F TC=0+-100 


SK 10% C SIDE-ADJ 22-TRN 


SWITCH-RTRY SP16T-PS 1.S562-CTR-SPCG 


A1A3 


KNOB-BASE -SKT 


MISCELLANEOUS PARTS 


1/2 JGK .25-IN-ID 


WASHER-LK INTL T 3/8 IN .377-IN-ID 
NUT-HEX-DBL-CHAM 3/8-32-THD .094-IN-THK 
WASHER-FL MTLC NO. 8 .189-IN-ID 
WASHER-SPR CRVD NO. 10 .2-IN-ID 


METER 


NUT-KNRLD-R $/8-24-THD .125-IN-THK 


WASHER-LK INTL T 11/16 IN .7-IN-ID 


AC GAIN ASSEMBLY 


CAPACITOR-FXD 
CAPACITOR-FXD 
CAPACITOR-FXD 
CAPACITOR-FXD 
CAPACITOR-FXD 


CAPACITOR-FXD 
CAPACITOR-FXD 
CAPACITOR-FXD 
CAPACITOR-FXD 
CAPACITOR-FXD 


CAPACITOR-FXD 
CAPACITOR-FXD 
CAPACITOR-FXD 
CAPACITOR-FXD 
CAPACITOR-FXD 


CAPACITOR-FXD 
CAPACITOR-FXD 
CAPACITOR-FXD 
CAPACITOR-FXD 
CAPACITOR-FXD 


NOT ASSIGNED 


1SUF+-10% 20VDC TA 
1SUF+-10% 20VDC TA 
6OUF+-10% 6VDC TA 
33UF+-10% 10VDC TA 
8200PF +-10% 200VDC POLYE 


60UF+-10% 6VDC TA 
2.2UF+-10% 20VDC TA 

.1SUF +-10% 80VDC POLYE 
30PF +-S% 300VDC MICA 
8200PF +-10% 200VDC POLYE 


. 1SUF +-10% 80VDC POLYE 
8200PF +-10% 200VDC POLYE 
. 1SUF +-10% 80VDC POLYE 
4700PF +-10% 200VDC POLYE 
1SUF+-10% 20VDC TA 


.O1UF +80-20% 100VDC CER 
1SPF +-S% SOOVDC CER 0+-30 
33UF+-10% 10VDC TA 

.O39UF +-5S% 200VDC 

.O39UF +-5% 200VDC 


3101-1901 


SN7405N 


ORDER BY DESCRIPTION 


2190-0045 
00436-60027 


C4-1/8-T0-10R0-F 
C4-1/8-T0-10RO-F 
C4-1/8-T0-10R0-F 
C4-1/8-T0-10RO-F 
C4-1/8-T0-10RO-F 


C4-1/8-T0-10RO-F 
C4-1/8-T0-10R0-F 
C4-1/8-T0-10R0-F 
C4-1/8-T0-10R0-F 
C4-1/8-T0-10R0-F 


C4-1/8-T0-10RO-F 
C4-1/8-T0-10R0-F 
C4-1/8-T0-10RO-F 
C4-1/8-T0-10R0-F 
C4-1/8-T0-10R0-F 


30597 -1-S02M 


3100-3318 


0370-2774 
2190-0016 


ORDER BY DESCRIPTION 


3050-0032 
3050-1167 


1120-0584 


ORDER BY DESCRIPTION 


2190-0002 


00436-60039 


150D1S6X90 20B2 
150D156X9020B2 
1S0D606X9006B2 
150D336X90 10B2 
0160-0160 


1S0D606X9006B2 
1$0D225X90 20A2 
0160-2290 
0160-2199 
0160-0160 


0160-2290 
0160-0160 
0160-2290 
0160-0157 
1$0D1 56X90 20B2 


0160-2055 
0160-2261 
1S0D336X90 10B2 
0160-3439 
0160-3439 


See introduction to this section for ordering information 
*Indicates factory selected value 
+Backdating information in Section VII 625 


Replaceable Parts 


Reference 
Designation 


6-6 


HP Part |C ee Mfr 


1901-0896 
1901-0996 
1901-0040 


1854-0003 
1855-0414 
1855-0414 
1854-0810 
1854-0810 


1854-0810 
1854-0810 
1854-0810 
1855-0414 
1855-0414 


1855-0414 
1855-0414 
1854-0810 
1853-0020 


1854-0810 
1854-0810 
1854-0810 
1853-0020 
1853-0020 


1853-0020 
1853-0020 
1853-0020 
1853-0020 
1853-0020 


1853-0020 
1853-0020 
1853-0020 


0698-3450 
0698-3156 
0683-2265 


0757-0459 


0698-3159 
0698-3450 
1810-0151 
0698-3441 
0757-0444 


0757-0442 
0787-0465 
0698-3156 
0698-3160 
0698-3158 


0787-0438 
0698-0083 
0787-0470 
0797-0442 
0698-0084 


1810-0151 
0698-3136 
0797-0441 
0811-3351 
0811-3348 


1810-0158 
0698-3136 
0698-3150 
0698-3158 
0757-0464 


0698-3449 
0787-0290 
0698-3450 
0757-0442 
0698-3136 


ALRDDO m—-OON ODWDW LPONDO -ANOW foe] —-NO PAL HPHH|LA PPENNN PNAA PPNNN NNDHAM =O DDO): 


DnOOND 


Table 6-2. Replaceable Parts 


DIODE-SCHOTTKY SM SIG 
DIODE-SCHOTTKY SM SIG 
DIODE-SWITCHING 30V SOMA 2NS DO-35S 


TRANSISTOR NPN SI TO-39 PD=800MW 

TRANSISTOR J-FET 2N4393 N-CHAN D-MODE 
TRANSISTOR J-FET 2N4393 N-CHAN D-MODE 
TRANSISTOR NPN SI PD=62SMW FT=200MHZ 
TRANSISTOR NPN SI PD=62SMW FT=200MHZ 


TRANSISTOR NPN SI PD=62SMW FT=200MHZ 
TRANSISTOR NPN SI PD=62SMW FT=200MHZ 
TRANSISTOR NPN SI PD=625MW FT=200MHZ 
TRANSISTOR J-FET 2N4393 N-CHAN D-MODE 
TRANSISTOR J-FET 2N4393 N-CHAN D-MODE 


TRANSISTOR J-FET 2N4393 N-CHAN D-MODE 
TRANSISTOR J-FET 2N4393 N-CHAN D-MODE 
TRANSISTOR NPN SI PD=62SMW FT=200MHZ 
TRANSISTOR PNP SI PD=300MW FT=1SOMHZ 
NOT ASSIGNED 


PD=62SMW FT=200MHZ 
PD=625MW FT=200MHZ 
PD=625MW FT=200MHZ 
PD=300MW FT=1SOMHZ 
PD=300MW FT=1SOMHZ 


TRANSISTOR NPN 
TRANSISTOR NPN 
TRANSISTOR NPN 
TRANSISTOR PNP 
TRANSISTOR PNP 


PD=300MW FT=1SOMHZ 
PD=300MW FT=1SOMHZ 
PD=300MW FT=1SOMHZ 
PD=300MW FT=1SOMHZ 
PD=300MW FT=1S0MHZ 


TRANSISTOR PNP 
TRANSISTOR PNP 
TRANSISTOR PNP 
TRANSISTOR PNP 
TRANSISTOR PNP 


PD=300MW FT=1SOMHZ 
PD=300MW FT=1SOMHZ 
PD=300MW FT=!SOMHZ 


TRANSISTOR PNP 
TRANSISTOR PNP 
TRANSISTOR PNP 


RESISTOR 42.2K .125W F TC=0+-100 
RESISTOR 14. 7K -125W F TC=0+-100 
RESISTOR 22M S% .25W FC TC=-900/+1200 
NOT ASSIGNED 

RESISTOR S6.2K 1% .125W F TC=0+-100 


RESISTOR 26.1K 1% .125W F TC=0+-100 
RESISTOR 42.2K 1% .125W F TC=0+-100 
NETWORK-RES 7-SIP10.0K OHM X 6 
RESISTOR 215 1% .125W F TC=0+-100 
RESISTOR 12.1K 1% .125W F TC=0+-100 


RESISTOR 10K 1% .125W F TC=0+-100 
RESISTOR 100K 1% .125W F TC=0+-100 
RESISTOR .125W F TC=0+-100 
RESISTOR .125W F TC=0+-100 
RESISTOR .125W F TC=0+-100 
RESISTOR -125W F TC=0+-100 
RESISTOR 

RESISTOR 

RESISTOR 10K 1% .125W F TC=0+-100 
RESISTOR 2.19K 1% .125W F TC=0+-100 


NETWORK-RES 7-SIP10.0K OHM X 6 

RESISTOR 17.8K 1% .125W F TC=0+-100 
RESISTOR 8.25K 1% .125W F TC=0+-100 
RESISTOR 11K .025% .O05W Puli TC=0+-10 
RESISTOR 111.11 .025% .OSW PWW TC=0+-10 


NETWORK-RES 7-SIPS6.0K OHM X 6 

RESISTOR 17.8K .125W F TC=0+-100 
RESISTOR 2.37K -125W F TC=0+-100 
RESISTOR 23. 7K -125W F TC=0+-100 
RESISTOR 90.9K -125W F TC=0+-100 


RESISTOR 28. 7K -125W F TC=0+-100 
RESISTOR 6.19K .125W F TC=0+-100 
RESISTOR F TC=0+-100 
RESISTOR TC=0+-100 

RESISTOR 17.8K 1% .12S5W F TC=0+-100 


See introduction to this section for ordering information 
*Indicates factory selected value 
tBackdating information in Section VII 


Model 436A 


Mfr Part Number 


1901-0996 
1907-0996 
1901-0040 


1854-0003 
2N4393 
2N4393 
1854-0810 
1854-0810 


1854-0810 
1854-0810 
1854-0810 
2N4393 
2N4393 


2N4393 
2N4393 
1854-0810 
1853-0020 


1854-0810 
1854-0810 
1854-0810 
1853-0020 
1853-0020 


1853-0020 
1853-0020 
1853-0020 
1853-0020 
1853-0020 


1853-0020 
1853-0020 
1853-0020 


C4-1/8-10-4222-F 
C4-1/8-T0-1472-F 
CB2265 


C4-1/8-T0-S622-F 


C4-1/8-T0-2612-F 
C4-1/8-T0-4222-F 
CSP07C07-103J 

C4-1/8-T0-215R-F 
C4-1/8-10-1212-F 


C4-1/8-T0-1002-F 
C4-1/8-T0-1003-F 
C4-1/8-T0-1472-F 
C4-1/8-1T0-3162-F 
C4-1/8-10-2372-F 


C4-1/8-T0-S111-F 
C4-1/8-TO-1961-F 
C4-1/8-T0-1623-F 
C4-1/8-T0-1002-F 
C4-1/8-T0-2151-F 


CSP07C07-103I 
C4-1/8-T0-1782-F 
C4-1/8-1T0-8251-F 
0811-3351 
0811-3348 


1810-0158 

C4-1/8-T0-1782-F 
C4-1/8-T0-2371-F 
C4-1/8-T0-2372-F 
C4-1/8-1T0-9092-F 


C4-1/8-T0-2872-F 
MF4C 1 /8-T0-6191-F 
C4-1/8-10-4222-F 
C4-1/8-T0-1002-F 
C4-1/8-T0-1782-F 


Model 436A 


Reference 
Designation 


A2R36 
A2R37 
A2R38 
A2R39 
A2R40 


A2R41 
A2R42 
A2R43 
A2R44 
A2R45 


A2R46 
A2R47 
A2R48 
A2R49 
A2R50* 


A2RS1 
A2RS2 
A2RS3 
A2RS4 
A2R5S 


A2R56 
A2R57 
A2R58 
A2RS9 
A2R60 


A2R61 
A2R62 
A2R63 
A2R64 
A2R6S 


A2R66 
A2R67 
A2R68 
A2R69 
A2R70 


A2R71 
A2R72 
A2R73 
A2R74 
A2R7S 


A2R76 
A2R77 
A2R78 
A2R79 
A2R80 


A2re1*t 


A2TP1 
A2TP2 
A2TP3 
A2TP4 
A2TPS 


A2TP6 


A2U1 

A2U2 
A2U3 
A2U4 
A2US 


A2uet 
A2U7 
A2U8 


0787-0289 
0811-3348 
0811-3350 
0811-3349 
0698-3452 


0757-0443 
1810-0151 
0698-3136 
0757-0280 
1810-0151 


0757-0280 
0757-0280 
0698-3450 
0698-0084 
0757-0442 


0757-0290 
0698-3450 
0698-3150 
0698-3159 
0757-0460 


0757-0442 
0757-0442 
0757-0442 
0757-0465 
0757-0442 


0757-0442 
0757-0465 
0698-3154 
0757-0200 
0757-0460 


0757-0401 
0757-0465 
0757-0460 
2100-2514 
0698-3154 


0698-3441 
0698-3441 
0698-3441 
0757-0279 
0757-0200 


0757-0280 
0757-0422 
0698-0085 
0698-3446 
0698-0085 


0757-0288 


0360-1514 
0360-1514 
0360-1514 
0360-1514 
0360-1514 


0360-1514 


1820-0223 
1826-0092 
1820-0174 
1826-0161 
1826-0092 


00436-80009 
1818-2245 
1820-0223 


NODWOO o-—-DO —-NOn@o ODODOO -=-ADOM ODOOWW NWOANO —-TOMDN 
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Table 6-2. Replaceable Parts 


Part |C a 


RESISTOR 13.3K 1% .125W F TC=0+-100 


RESISTOR 111.11 .025% .O0SW PWW TC=0+-10 


RESISTOR 10K .025% .OSW PWwWw TC=0+-10 
RESISTOR 1K .025% .OSW PWW TC=0+-10 
RESISTOR 147K 1% .12S5W F TC=0+-100 


RESISTOR 11K 1% .12S5W F TC=0+-100 
NETWORK-RES 7-SIP10.0K OHM X 6 
RESISTOR 17.8K 1% .125W F TC=0+-100 
RESISTOR 1K 1% .12S5W F TC=0+-100 
NETWORK-RES 7-SIP10.0K OHM X 6 


RESISTOR 1K 1% .125W F TC=0+-100 
RESISTOR 1K 1% .125W F TC=0+-100 
RESISTOR 42.2K 1% .125W F TC=0+-100 
RESISTOR 2.15K 1% .125W F TC=0+-100 
RESISTOR 10K 1% .125W F 


RESISTOR 6.19K -125W 
RESISTOR 42,2K -128U 
RESISTOR 2.37K -125U 
RESISTOR 26.1K .125W 
RESISTOR 61.9K -128W 


RESISTOR 10K 1% .125W F TC=0+-100 
RESISTOR 10K 1% .125W F TC=0+-100 
RESISTOR 10K 1% .125W F TC=0+-100 
RESISTOR 100K 1% .12S5W F TC=0+-100 
RESISTOR 10K 1% .125W F TC=0+-100 


RESISTOR 10K 1% .125W F TC=0+-100 

RESISTOR 100K 1% .125W F TC=0+-100 
RESISTOR 4.22K 1% .12S5W F TC=0+-100 
RESISTOR §.62K 1% .125W F TC=0+-100 
RESISTOR 61.9K 1% .125W F TC=0+-100 


RESISTOR 100 1% .125W F TC=0+-100 
RESISTOR 100K 1% .12SW F TC=0+-100 
RESISTOR 61.9K 1% .12S5W F TC=0+-100 


RESISTOR-TRMR 20K 10% C SIDE-ADJ 1-TRN 


RESISTOR 4.22K 1% .125W F TC=0+-100 


RESISTOR 215 1% .125W F TC=0+-100 
RESISTOR 215 1% .125W F TC=0+-100 
RESISTOR 215 1% .125W F TC=0+-100 
RESISTOR 3.16K 1% .12SW F TC=0+-100 
RESISTOR S.62K 1% .12SW F TC=0+-100 


RESISTOR 1K 1% .12S5W F TC=0+-100 
RESISTOR 909 1% .125W F TC=0+-100 
RESISTOR 2.61K 1% .12SW F TC=0+-100 
RESISTOR 383 1% .125W F TC=0+-100 
RESISTOR 2.61K 1% .125W F TC=0+-100 


RESISTOR 9.09K 1% .125W F TC=0+-100 


TERMINAL-STUD SGL-PIN PRESS-MTG 
TERMINAL-STUD SGL-PIN PRESS-MTG 
TERMINAL-STUD SGL-PIN PRESS-NTG 
TERMINAL-STUD SGL-PIN PRESS-MTG 
TERMINAL-STUD SGL-PIN PRESS-MTG 


TERMINAL-STUD SGL-PIN PRESS-NTG 


OP AMP GP TO-99 PKG 

OP AMP GP DUAL TO-99 PKG 
INV TTL HEX 

OP AMP GP QUAD 14-DIP-P PKG 
OP AMP GP DUAL TO-99 PKG 


TTL S 256-BIT ROM 40-NS 0-C 
NMOS 4096 (4K) ROM 
OP AMP GP TO-99 PKG 


Replaceable Parts 


Mfr Part Number 


MF 4C1/8-T0-1332-F 
0811-3348 
0811-3350 
0811-3349 
C4-1/8-T0-1473-F 


C4-1/8-T0-1102-F 
CSP07C07-103J 
C4-1/8-T0-1782-F 
C4-1/8-T0-1001-F 
CSP0 7007-1035 


C4-1/8-T0-1001-F 
C4-1/8-T0-1001-F 
C4-1/8-T0-4222-F 
C4-1/8-T0-2151-F 
C4-1/8-T0-1002-F 


MF 4C1/8-T0-6191-F 
C4-1/8-T0-4222-F 
C4-1/8-T0-2371-F 
C4-1/8-T0-2612-F 
C4-1/8-10-6192-F 


C4-1/8-T0-1002-F 
C4-1/8-T0-1002-F 
C4-1/8-T0-1002-F 
C4-1/8-T0-1003-F 
C4-1/8-T0-1002-F 


C4-1/8-T0-1002-F 
C4-1/8-T0-1003-F 
C4-1/8-T0-4221-F 
C4-1/8-T0-S621-F 
C4-1/8-T0-6192-F 


C4-1/8-T0-101-F 
C4-1/8-T0-1003-F 
C4-1/8-T0-6192-F 
ETSOW203 
C4-1/8-T0-4221-F 


C4-1/8-T0-215R-F 
C4-1/8-T0-215R-F 
C4-1/8-T0-215R-F 
C4-1/8-10-3161-F 
C4-1/8-T0-S621-F 


C4-1/8-T0-1001-F 
C4-1/8-T0-909R-F 
C4-1/8-T0-2611-F 
C4-1/8-T0-383R-F 
C4-1/8-T0-2611-F 


MF 4C1/8-T0-9091 -F 


0360-1514 
0360-1514 
0360-1514 
0360-1514 
0360-1514 


0360-1514 


CA301 AT 
1826-0092 
SN7404N 
MLM324P 
1826-0092 


00436-80009 
1818-2245 
CA301 AT 


1902-3002 
1902-3002 


DIODE-ZNR 2.37V S% DO-7 PD=.4W TC=-.074% 
DIODE-ZNR 2.37V S% DO-7 PD=.4W TC=-.074% 


A2VR1 1902-3002 
A2VR2 1902-3002 


See introduction to this section for ordering information 
*Indicates factory selected value 
+Backdating information in Section VII 637 


Replaceable Parts Model 436A 


Table 6-2. Replaceable Parts 


Reference HP Part |[C Arne | 


A2 MISCELLANEOUS PARTS 


$000-9043 PIN:P.C. BOARD EXTRACTOR $000-9043 
$040 -6847 EXTRACTOR, RED S040 -6847 
1460-05953 CLIP-WINDOW 1460-0593 


00436-60040 A-D CONVERTER ASSEMBLY 00436-60040 
00436-60010 AUTO ZERO ASSEMBLY 00436-60010 


CAPACITOR-FXD 15UF+-10% 20VDC TA 150D156X9020B2 
CAPACITOR-FXD 1S5UF+-10% 20VDC TA 1$0D156X9020B2 
CAPACITOR-FXD 15UF+-10% 20VDC TA 1$0D156X9020B2 
CAPACITOR-FXD .1SUF +-10% 80VDC POLYE 0160-2290 

CAPACITOR-FXD 1.SUF+-10% 20VDC TA 150D159X9020A2 


0180-1746 
0180-1746 
0180-1746 
0160-2290 
0180-1745 


PHAN 


CAPACITOR-FXD 15UF+-10% 20VDC TA 150D1S6X9020B2 
CAPACITOR-FXD 1UF+-10% 3SVDC TA 1$0D105X9035A2 
CAPACITOR-FXD .1UF +-10% 200VDC POLYE 0160-0168 
CAPACITOR-FXD .47UF +-10% 80VDC POLYE 0160-0970 
CAPACITOR-FXD .O01UF +80-20% 100VDC CER 0160-2055 


0180-1746 
0180-0291 
0160-0168 
0160-0970 
0160-2055 


OwW-wow 


CAPACITOR-FXD .1SUF+-10% 3SVDC TA 150D154xX9035A2 
CAPACITOR-FXD .47UF +-S% 100VDC 0160-S756 

CAPACITOR-FXD 10UF+-10% 20VDC TA 150D106X9020B2 
CAPACITOR-FXD 1UF+-10% 3SVDC TA 1$0D105X9035A2 
CAPACITOR-FXD 1UF+-10% 3SVDC TA 150D10SX903SA2 


0180-0218 
0160-S756 
0180-0374 
0180-0291 
0180-0291 


WWWW fH 


CAPACITOR-FXD .1S5UF +-10% 80VDC POLYE 0160-2290 
CAPACITOR-FXD 15UF+-10% 20VDC TA 1S0D1S6xX902082 


0160-2290 
0180-1746 


aL 


NOT ASSIGNED 


DIODE-SWITCHING 30V SOMA 2NS DO-35 1901-0040 
DIODE-SWITCHING 30V SOMA 2NS DO-35 1901-0040 
DIODE-SWITCHING 30V SOMA 2NS DO-35 1901-0040 
DIODE -SWITCHING SOMA 2NS DO-35 1901-0040 
DIODE -SWITCHING SOMA 2NS DO-35 1901-0040 


1901-0040 
1901-0040 
1901-0040 
1901-0040 
1901-0040 


| 
| 
| 
i 
1 


DIODE -SWITCHING SOMA 7S0PS DO-7 1901-0179 
DIODE-SWITCHING SOMA 750PS DO-7 1901-0179 


1901-0179 
1901-0179 


~ww~N 


TRANSISTOR PNP PD=300MW FT=1SOMHZ 1853-0020 
TRANSISTOR PNP PD=300MW FT=1SOMHZ 1853-0020 
TRANSISTOR PNP PD=300MW FT=1SOMHZ 1853-0020 
TRANSISTOR PNP PD=300MW FT=1SOMHZ 1893-0020 
TRANSISTOR PNP PD=300MW FT=1SOMHZ 1853-0020 


1853-0020 
1853-0020 
1853-0020 
1853-0020 
1853-0020 


PPHHH 


TRANSISTOR NPN PD=62SMW FT=200MHZ 1854-0810 
TRANSISTOR NPN PD=62SMW FT=200MHZ 1854-0810 
TRANSISTOR NPN PD=625MW FT=200MHZ 1854-0810 
TRANSISTOR NPN PD=625MW FT=200MHZ 1854-0810 
TRANSISTOR NPN PD=62SMW FT=200MHZ 1854-0810 


1854-0810 
1854-0810 
1854-0810 
1854-0810 
1854-0810 


NNN ND PY 


1853-0020 
1854-0810 
1859-0414 
1885-0414 
1855-0414 


TRANSISTOR PNP PD=300MW FT=1SOMHZ 1853-0020 
TRANSISTOR NPN PD=625MW FT=200MHZ 1854-0810 
TRANSISTOR J-FET 2N4393 N-CHAN D-MODE 2N4393 
TRANSISTOR J-FET 2N4393 N-CHAN D-MODE 2N4393 
TRANSISTOR J-FET 2N4393 N-CHAN D-MODE 2N4393 


PPANA 


1895-0414 
1854-0810 
1855-0414 
1855-0414 
1855-0414 


TRANSISTOR J-FET 2N4393 N-CHAN D-MODE 2N4393 
TRANSISTOR NPN SI PD=62SMW FT=200MHZ 1854-0810 
TRANSISTOR J-FET 2N4393 N-CHAN D-MODE 2N4393 
TRANSISTOR J-FET 2N4393 N-CHAN D-MODE 2N4393 
TRANSISTOR J-FET 2N4393 N-CHAN D-MODE 2N4393 


PPHPANA 


1854-0810 
1853-0020 
1854-0810 
1854-0810 
1854-0810 


TRANSISTOR NPN SI PD=625MWU FT=200MHZ 1854-0810 
TRANSISTOR PNP SI PD=300MW FT=1SOMHZ 1853-0020 
TRANSISTOR NPN SI PD=625MWU FT=200MHZ 1854-0810 
TRANSISTOR NPN SI PD=625MWU FT=200MHZ 1854-0810 
TRANSISTOR NPN SI PD=625MU FT=200MHZ 1854-0810 


NNN PN 


1855-0414 
1855-0414 
1855-0414 
1855-0414 
1855-0414 


TRANSISTOR J-FET 2N4393 N-CHAN D-MODE 2N4393 
TRANSISTOR J-FET 2N4393 N-CHAN D-MODE 2N4393 
TRANSISTOR J-FET 2N4393 N-CHAN D-MODE 2N4393 
TRANSISTOR J-FET 2N4393 N-CHAN D-MODE 2N4393 
TRANSISTOR J-FET 2N4393 N-CHAN D-MODE 2N4393 


PHHHLH 


See introduction to this section for ordering information 
*Indicates factory selected value 
6-8 tBackdating information in Section VII 


Model 436A Replaceable Parts 


Table 6-2. Replaceable Parts 


HP Part |C 


1858-0414 
1855-0414 
1855-0414 
1854-0810 


Reference 
Designation 


Description Mfr Part Number 


TRANSISTOR J-FET 2N4393 N-CHAN D-MODE 2N4393 
TRANSISTOR J-FET 2N4393 N-CHAN D-MODE 2N4393 
TRANSISTOR J-FET 2N4393 N-CHAN D-MODE 2N4393 
TRANSISTOR NPN SI PD=62SMW FT=200MHZ 1854-0810 


NPHhH 


0698-3157 
2100-2516 
0757-0465 
0698-0085 
1810-0151 


0698-3157 
0757-0467 
0787-0467 
0757-0467 


NODMDWwW 


RESISTOR 19.6K 1% .125W F TC=0+-100 


RESISTOR-TRMR 100K 10% C SIDE-ADJ 1-TRN 


RESISTOR 100K 1% .12SW F TC=0+-100 
RESISTOR 2.61K 1% .125W F TC=0+-100 
NETWORK-RES 7-SIP10.0K OHM X 6 


RESISTOR 19.6K 1% .125W F TC=0+-100 
RESISTOR 121K 1% .12S5W F TC=0+-100 
RESISTOR 121K 1% .125W F TC=0+-100 
RESISTOR 121K 1% .125W F TC=0+-100 


C4-1/8-T0-1962-F 
3329W-1-104 
C4-1/8-T0-1003-F 
C4-1/8-T0-2611-F 
CSP07C07-103J 


C4-1/8-T0-1962-F 
C4-1/8-T0-1213-F 
C4-1/8-T0-1213-F 
C4-1/8-T0-1213-F 


WDODDW 


0787-0462 RESISTOR 75K 1% .125W F TC=0+-100 C4-1/8-T0-7502-F 
1810-0158 

C4-1/8-T0-1002-F 
C4-1/8-T0-101-F 
C4-1/8-T0-1962-F 
C4-1/8-T0-1002-F 


NETWORK-RES 7-SIPS6.0K OHM X 6 
RESISTOR 10K 1% .125W F TC=0+-100 
RESISTOR 100 1% .125W F TC=0+-100 
RESISTOR 19.6K 1% .125W F TC=0+-100 
RESISTOR 10K 1% .125W F TC=0+-100 


1810-0158 
0787-0442 
0787-0401 
0698-3157 
0757-0442 


OWOWOO 


C4-1/8-T0-1782-F 
ETSOXS02 

C4-1/8-T0-1962-F 
C4-1/8-T0-1002-F 
C4-1/8-10-1962-F 


RESISTOR 17.8K 1% .125W F TC=0+-100 
RESISTOR-TRNR SK 10% C SIDE-ADJ 1-TRN 
RESISTOR 19.6K 1% .125W F TC=0+-100 
RESISTOR 10K 1% .125W F TC=0+-100 
RESISTOR 19.6K 1% .125W F TC=0+-100 


0698-3136 
2100-2489 
0698-3187 
0757-0442 
0698-3157 


WOWOD 


C4-1/8-T0-1002-F 
C4-1/8-T0-2152-F 
C4-1/8-T0-7502-F 
C4-1/8-T0-1962-F 
C4-1/8-T0-1002-F 


RESISTOR 10K 1% .125W F TC=0+-100 
RESISTOR 21.5K 1% .125W F TC=0+-100 
RESISTOR 75K 1% .12SW F TC=0+-100 
RESISTOR 19.6K 1% .125W F TC=0+-100 
RESISTOR 10K 1% .125W F TC=0+-100 


0757-0442 
0757-0199 
0757-0462 
0698-3157 
0757-0442 


OWWWO 


C4-1/8-T0-S111-F 
C4-1/8-T0-101-F 

C4-1/8-T0-1002-F 
C4-1/8-T0-5112-F 
C4-1/8-T0-3162-F 


RESISTOR 5.11K 1% .125W F TC=0+-100 
RESISTOR 100 1% .125W F TC=0+-100 
RESISTOR 10K 1% .125W F TC=0+-100 
RESISTOR S1.1K 1% .125W F TC=0+-100 
RESISTOR 31.6K 1% .125W F TC=0+-100 


0757-0438 
0757-0401 
0787-0442 
0757-0458 
0698-3160 


OY OOW 


C4-1/8-T0-1002-F 
C4-1/8-T0-1473-F 
C4-1/8-T0-82SR-F 
C4-1/8-T0-1002-F 
0698-3260 


RESISTOR 10K 1% .125W F TC=0+-100 
RESISTOR 147K 1% .125W F TC=0+-100 
RESISTOR 825 1% .12S5W F TC=0+-100 
RESISTOR 10K 1% .125W F TC=0+-100 
RESISTOR 464K 1% .125W F TC=0+-100 


0787-0442 
0698-3452 
0757-0421 
0757-0442 
0698-3260 


oaoor-©o 


C4-1/8-T0-2152-F 
ETSOX103 
MF 4C1/8-T9-S602-F 
C4-1/8-T0-1001-F 
0698-3260 


RESISTOR 21.SK 1% .125W F TC=0+-100 
RESISTOR-TRMR 10K 10% C SIDE-ADJ 1-TRN 
RESISTOR S6K 1% .125W F TC=0+-25 
RESISTOR 1K 1% .125W F TC=0+-100 
RESISTOR 464K 1% .125W F TC=0+-100 


0757-0199 
2100-2522 
0698-7666 
0757-0280 
0698-3260 


OWn-wW 


C4-1/8-T0-101-F 
C4-1/8-T0-S112-F 
0698-3260 
C4-1/8-T0-7502-F 
0757-0180 


RESISTOR 100 1% .125W F TC=0+-100 
RESISTOR 51.1K 1% .125W F TC=0+-100 
RESISTOR 464K 1% .125W F TC=0+-100 
RESISTOR 7SK 1% .125W F TC=0+-100 
RESISTOR 31.6 1% .125W F TC=0+-100 


0787-0401 
0757-0458 
0698-3260 
0757-0462 
0757-0180 


NWONO 


C4-1/8-T0-1962-F 
3329W- 1-104 
2100-3207 

MF 4C1 /8-19-2872-F 
0698-3260 


RESISTOR 19.6K 1% .125W F TC=0+-100 
RESISTOR-TRMR 100K 10% C SIDE-ADJ 1-TRN 
RESISTOR-TRMR SK 10% C SIDE-ADJ 1-TRN 
RESISTOR 28.7K 1% .125W F TC=0+-25 
RESISTOR 464K 1% .12S5W F TC=0+-100 


0698-3157 
2100-2516 
2100-3207 
0698-7880 
0698-3260 


OnN-WW 


C4-1/8-T0-1003-F 
C4-1/8-10-2372-F 
C4-1/8-T0-101-F 

C4-1/8-T0-1003-F 
C4-1/8-T0-6192-F 


RESISTOR 100K 1% .125W F TC=0+-100 
RESISTOR 23.7K 1% .125W F TC=0+-100 
RESISTOR 100 1% .125W F TC=0+-100 
RESISTOR 100K 1% .125W F TC=0+-100 
RESISTOR 61.9K 1% .125W F TC=0+-100 


0757-0465 
0698-3158 
0757-0401 
0757-0465 
0757-0460 


-DOFLD 


C4-1/8-T0-2372-F 
C4-1/8-T0-316R-F 
C4-1/8-10-3162-F 
2100-3274 

C4-1/8-T0-1003-F 


RESISTOR 23.7K 1% .125W F TC=0+-100 
RESISTOR 316 1% .125W F TC=0+-100 
RESISTOR 31.6K 1% .125W F TC=0+-100 
RESISTOR-TRMR 10K 10% C SIDE-ADJ 1-TRN 
RESISTOR 100K 1% .125W F TC=0+-100 


0698-3158 
0698-3444 
0698-3160 
2100-3274 
0787-0465 


OMnNO--f 


See introduction to this section for ordering information 
*Indicates factory selected value 
t+tBackdating information in Section VII 639 


Replaceable Parts Model 436A 


Table 6-2. Replaceable Parts 


Reference HP Part |C Moe Mfr 


0757-0438 RESISTOR S.11K 1% .128W F TC=0+-100 C4-1/8-T0-5111-F 
0698-7880 RESISTOR 28.7K 1% .125W F TC=0+-25 MF4C1/8-T9-2872-F 
0698-6799 S RESISTOR 4.53K 1% .125W F TC=0+-25 0698-6799 

NOT ASSIGNED 
2100-2516 RESISTOR-TRMR 100K 10% C SIDE-ADJ 1-TRN 3329W- 1-104 


0698-0084 RESISTOR 2.15K 1% .125W F TC=0+-100 C4-1/8-T0-2151-F 
0757-0289 RESISTOR 13.3K 1% .125W F TC=0+-100 MF4C1/8-T0-1332-F 
0757-0467 RESISTOR 121K 1% .12SW F TC=0+-100 C4-1/8-T0-1213-F 
0757-0280 RESISTOR 1K 1% .125W F TC=0+-100 C4-1/8-T0-1001-F 
0698-3440 RESISTOR 196 1% .12S5W F TC=0+-100 C4-1/8-T0-196R-F 


0787-0420 3 RESISTOR 760 1% .125W F TC=0+-100 C4-1/8-T0-7S1-F 
0757-0401 RESISTOR 100 1% .12S5W F TC=0+-100 C4-1/8-T0-101-F 


0360-1514 TERMINAL-STUD SGL-PIN PRESS-MTG 0360-1914 
0360-1514 TERMINAL-STUD SGL-PIN PRESS-MTG 0360-1514 
0360-1514 TERMINAL-STUD SGL-PIN PRESS-MTG 0360-1514 
0360-1514 TERMINAL-STUD SGL-PIN PRESS-MTG 0360-1514 
0360-1514 TERMINAL-STUD SGL-PIN PRESS-MTG 0360-1514 


0360-1514 TERMINAL-STUD SGL-PIN PRESS-MTG 0360-1514 


~ 


IC OP AMP LOW-BIAS-H-IMPD TO-99 PKG LM312H 
Ic OP AMP GP TO-99 PKG CA301 AT 
IC OP AMP LOW-BIAS-H-IMPD TO-99 PKG LM312H 
IC OP AMP LOW-BIAS-H-IMPD DUAL 8-DIP-P TLO72ACP 
IC OP AMP LOW-BIAS-H-IMPD DUAL 8-DIP-P TLO72ACP 


1826-0102 
1820-0223 
1826-0102 
1826-0847 
1826-0847 


WWMAOD 


DIODE-ZNR $.11V¥ 5% DO-35 PD=. 4W 1902-0041 
DIODE-ZNR 1N827 6.2V S% DO-7 PD=.4U 1N827 

DIODE-ZNR 2.87V 5% DO-7 PD=.4W TC=-.07% 1902-3024 
DIODE-ZNR 8.25V 5% DO-35 PD=. 4W 1902-3139 
DIODE-ZNR 8.25V S% DO-35 PD=. 4W 1902-3139 


1902-0041 

1902-0680 
1902-3024 
1902-3139 
1902-3139 


NINON SD 


DIODE-ZNR 4.22V 5% DO-35 PD=. 4W 1902-3070 


cea) 


1902-3070 
A3 MISCELLANEOUS PARTS 


$000 -9043 PIN:P.C. BOARD EXTRACTOR $000-9043 
$040 -6852 EXTRACTOR, ORANGE 5040 -6852 


00436-60003 COUNTER ASSEMBLY 00436-60003 


0180-0197 CAPACITOR-FXD 2.2UF+-10% 20VDC TA 1S0D225X90 20A2 
0160-2055 CAPACITOR-FXD .01UF +80-20% 100VDC 0160-2055 
0160-2055 CAPACITOR-FXD .01UF +80-20% 100VDC 0160-2055 
0160-2055 CAPACITOR-FXD .01UF +80-20% 100VDC 0160-2055 
0160-2055 CAPACITOR-FXD .01UF +80-20% 100VDC 0160-2055 


0160-2055 CAPACITOR-FXD .01UF +80-20% 100VDC 0160-2055 
0160-2055 CAPACITOR-FXD .01UF +80-20% 100VDC 0160-2055 
0160-2055 CAPACITOR-FXD .01UF +80-20% 100VDC CER 0160-2055 
0160-3456 CAPACITOR-FXD 1000PF +-10% 1KVDC CER 0160-3456 
0160-3456 CAPACITOR-FXD 1000PF +-10% 1KVDC CER 0160-3456 


1200-0507 SOCKET-IC 16-CONT DIP-SLDR 1200-0507 
1854-0810 TRANSISTOR NPN SI PD=62SMWU FT=200MHZ 1854-0810 


0757-0442 RESISTOR 10K 1% .125W F TC=0+-100 C4-1/8-T0-1002-F 
0757-0442 RESISTOR 10K 1% .125W F TC=0+-100 C4-1/8-T0-1002-F 
0757-0442 RESISTOR 10K 1% .12S5W F TC=0+-100 C4-1/8-T0-1002-F 
0757-0442 RESISTOR 10K 1% .125W F TC=0+-100 C4-1/8-T0-1002-F 
0698-3260 RESISTOR 464K 1% .125W F TC=0+-100 0698 - 3260 


0698-0084 RESISTOR 2.15K 1% .125W F TC=0+-100 C4-1/8-T0-2151-F 


0360-1514 TERMINAL-STUD SGL-PIN PRESS-MTG 0360-1514 
0360-1514 TERMINAL-STUD SGL-PIN PRESS-MTG 0360-1514 
0360-1514 TERMINAL-STUD SGL-PIN PRESS-MTG 0360-1514 


1820-1411 TC WEH TT LS! D-IYPEr4- B27, SN74LS75N 
1820-1411 Te UCHai USeD- ii Peed Bil SN74LS75N 
1820-1411 ICPECH Tite eS! Dany Peta seat SN74LS75N 
1820-1411 IG LEH TTL LS: O=IYPE.4-BLT SN74LS75N 
1820-1277 IC CNTR TTL LS DECD UP/DOWN SYNCHRO SN74LS192N 


See introduction to this section for ordering information 
*Indicates factory selected value 
6-10 +Backdating information in Section VII 


Model 436A Replaceable Parts 


Table 6-2. Replaceable Parts 


Reference HP Part iC at 
Designation Number |D y 


Description Mfr Part Number 


CNTR DECD UP/DOWN SYNCHRO SN74LS192N 
CNTR DECD UP/DOWN SYNCHRO SN74LS192N 
CNTR DECD UP/DOWN SYNCHRO SN74LS192N 
CNTR DECD UP/DOWN SYNCHRO SN74LS192N 
CNTR DECD UP/DOWN SYNCHRO SN74LS192N 


1820-1277 
1820-1277 
1820-1277 
1820-1277 
1820-1277 


DMAMDDD 


1820-1277 
1820-1277 
1820-1202 
1820-1197 
| 1820-1212 


CNTR DECD UP/DOWN SYNCHRO SN74LS192N 
CNTR DECD UP/DOWN SYNCHRO SN74LS192N 
GATE NAND TPL 3-INP SN74LS10N 
GATE NAND QUAD 2-INP SN74LSOON 
FF TTL LS J-K NEG-EDGE-TRIG SN74LS112AN 


OONDD 


FF TTL D-TYPE POS-EDGE-TRIG CLEAR SN7474N 
FF TTL J-K PULSE PRESET/CLEAR DUAL SN7476N 
GATE TTL LS NAND QUAD 2-INP SN74LSOON 
GATE TTL LS NAND QUAD 2-INP SN74LSOON 
GATE TTL LS NAND DUAL 4-INP SN74LS20N 


1820-0077 
1820-0076 
1820-1197 
1820-1197 
1820-1204 


ooO0OoO-N 


1820-1199 INV TTL LS HEX 1-INP SN74LS0 4N 
0410-0590 CRYSTAL-QUARTZ 240.000 KHZ 0410-0590 
A4 MISCELLANEOUS PARTS 

$000-9043 PIN:P.C. BOARD EXTRACTOR $000-9043 

$040 -6848 EXTRACTOR 5040-6848 
00436-60004 CONTROLLER ASSEMBLY 00436-60004 
0180-0197 CAPACITOR-FXD 2.2UF+-10% 20VDC TA 1S$0D225X9020A2 
0180-0100 CAPACITOR-FXD 4. 7UF+-10% 35VDC TA 150047SX903S5B2 
0160-2055 CAPACITOR-FXD .O1UF +80-20% 100VDC CER 0160-2055 
0160-2055 CAPACITOR-FXD .O1UF +80-20% 100VDC CER 0160-2055 
0180-2206 CAPACITOR-FXD 60UF+-10% 6VDC TA 1S0D606X9006B2 


1901-0040 DIODE-SWITCHING 30¥ SOMA 2NS DO-35 1901-0040 


=r 


TRANSISTOR NPN SI PD=625MW FT=200MHZ 1854-0810 
TRANSISTOR NPN SI PD=625MW FT=200MHZ 1854-0810 
TRANSISTOR NPN SI PD=625MW FT=200MHZ 1854-0810 
TRANSISTOR NPN SI PD=625MW FT=200MHZ 1854-0810 
TRANSISTOR NPN SI PD=625MW FT=200MHZ 1854-0810 


1854-0810 
1854-0810 
1854-0810 
1854-0810 
1854-0810 


NNNN Ph 


1853-0020 TRANSISTOR PNP SI PD=300MW FT=1S50MHZ 1853-0020 


= 


RESISTOR 464 1% .125W F TC=0+-100 C4-1/8-T0-4640-F 
RESISTOR 178 1% .125W F TC=0+-100 C4-1/8-T0-178R-F 
NETWORK-RES 7-SIP10.0K OHM X 6 CSP07C07-103J 
NETWORK-RES 7-SIP10.0K OHM X 6 CSP07C07-103I 
RESISTOR 464K 1% .125W F TC=0+-100 0698-3260 


0698-0082 
0698-3439 
1810-0151 
1810-0151 
0698-3260 


ONN AN 


RESISTOR 464K 1% .125W F TC=0+-100 0698-3260 
RESISTOR 4.7M S&% .25W FC TC=-900/+1100 CB4755 
NETWORK-RES 7-SIP10.0K OHM X 6 CSP07C07-103J 
RESISTOR S.11K 1% .12SW F TC=0+-100 C4-1/8-T0-S111-F 
RESISTOR 10K 1% .125W F TC=0+-100 C4-1/8-T0-1002-F 


0698-3260 
0683-4755 
1810-0151 
0757-0438 
0757-0442 


OWNDO 


NETWORK-RES 7-SIP10.0K OHM X 6 CSP07C07-103J 
NETWORK-RES 7-SIP10.0K OHM X 6 CSP07C07-103J 
NETWORK-RES 7-SIP10.0K OHM X 6 CSP07C07-103J 
RESISTOR 61.9K 1% .125W F TC=0+-100 C4-1/8-10-6192-F 
RESISTOR 10K 1% .12S5W F TC=0+-100 C4-1/8-T0-1002-F 


1810-0151 
1810-0151 
1810-0151 
0757-0460 
0757-0442 


OoO-NNN 


RESISTOR 31.6K 1% .125W F TC=0+-100 C4-1/8-10-3162-F 
RESISTOR 1K 1% .125W F TC=0+-100 C4-1/8-T0-1001-F 
RESISTOR 26.1K 1% .125W F TC=0+-100 C4-1/8-T0-2612-F 
RESISTOR 6.19K 1% .125W F TC=0+-100 MF4C1/8-T0-6191-F 
RESISTOR 10K 1% .125W F TC=0+-100 C4-1/8-T0-1002-F 


0698-3160 
0757-0280 
0698-3159 
0757-0290 
0787-0442 


ONNW®D 


0757-0444 1 RESISTOR 12.1K 1% .125W F TC=0+-100 C4-1/8-T0-1212-F 
0757-0444 1 RESISTOR 12.1K 1% .12S5W F TC=0+-100 C4-1/8-T0-1212-F 


1820-1112 IC FF TTL LS D-TYPE POS-EOGE-TRIG SN74LS74AN 
1820-1112 Ic FF TTL LS D-TYPE POS-EDGE-TRIG SN74LS74AN 
1820-1112 IC FF TTL LS D-TYPE POS-EDGE-TRIG SN74LS74AN 
1820-1112 Ic FF TTL LS D-TYPE POS-EDGE-TRIG SN74LS74AN 
1820-0054 IC GATE TTL NAND QUAD 2-INP SN7400N 


See introduction to this section for ordering information 
*Indicates factory selected value 
tBackdating information in Section VII 6-11 


Replaceable Parts Model 436A 


Table 6-2. Replaceable Parts 


Reference HP Part |C ae 
Designation Number |p| @ty Description Mfr Part Number 


ASUS 1820-0328 GATE TTL NOR QUAD 2-INP SN7402N 
ASU7 1820-1194 CNTR TTL LS BIN UP/DOWN SYNCHRO SN74LS193N 
ASUS 1820-1112 FF TTL LS D-TYPE POS-EDGE-TRIG SN74LS74AN 
ASUS 1820-1411 LCH TTL LS D-TYPE 4-BIT SN74LS75N 
ASU10 1820-0175 INV TTL HEX 1-INP SN740SN 
ASU11 1818-2244 NMOS 4096 (4K) ROM 1818-2244 
ASU12 1820-1199 INV TTL LS HEX 1-INP SN74LS04N 
ASU13 1820-0640 MUXR/DATA-SEL TTL 16-TO-1-LINE 16-INP SN741S0N 
ASU14 1820-0495 DCOR TTL 4-T0-16-LINE 4-INP SN741S4N 
ASUIS 1820-1197 GATE TTL LS NAND QUAD 2-INP SN74L SOON 


ASUI6 1820-1202 GATE TTL LS NAND TPL 3-INP SN74LS10N 
ASU17 1820-0054 S GATE TTL NAND QUAD 2-INP SN7400N 


ASVR1 1902-3070 DIODE-ZNR 4.22V 5% DO-3S PD=. 4W 1902-3070 
ASXU11T 1200-0567 SOCKET-IC 28-CONT DIP DIP-SLDR 1200-0567 
AS MISCELLANEOUS PARTS 


$000-9043 PIN:P.C. BOARD EXTRACTOR $000 - 9043 
$040 -6851 EXTRACTOR $040 -6851 


See introduction to this section for ordering information 
6-12 *Indicates factory selected value 
| tBackdating information in Section VII 


Model 436A Replaceable Parts 


Table 6-2. Replaceable Parts 
Reference HP Part |C ee) Mfr 


00436-60053 HP INTERFACE BUS (HP-IB)CONTROL ASSEMBL 00436-60053 
(FOR OPTION 022 ONLY) 


CAPACITOR-FXD 2.2UF+-10% 20VDC TA 1500225X9020A2 
CAPACITOR-FXD .O1UF +-10% SOVDC CER 0160-3334 
CAPACITOR-FXD .O1UF +-10% SOVDC CER 0160-3334 
CAPACITOR-FXD .O1UF +-10% SOVDC CER 0160-3334 
CAPACITOR-FXD .O1UF +-10% SOVDC CER 0160-3334 


0180-0197 
0160-3334 
0160-3334 
0160-3334 
0160-3334 


OoOOOD 


CAPACITOR-FXD .O1UF +-10% SOVDC CER : 0160-3334 
CAPACITOR-FXD 1000PF +-10% 100VDC CER 0160-4574 
CAPACITOR-FXD .O1UF +-10% SOVDC CER 0160-3334 
CAPACITOR-FXD .O1UF +-10% SOVDC CER 0160-3334 
CAPACITOR-FXD .O1UF +-10% SOVDC CER 0160-3334 


0160-3334 
0160-4574 
0160-3334 
0160-3334 
0160-3334 


ooO0o-©oO 


CAPACITOR-FXD .O1UF +-10% SOVDC CER 0160-3334 
CAPACITOR-FXD .O1UF +-10% SOVDC CER 0160-3334 
CAPACITOR-FXD 1000PF +-10% 100VDC CER 0160-4574 
CAPACITOR-FXD .O022UF +-10% SOVDC CER 0160-4918 
CAPACITOR-FXD .O022UF +-10% SOVDC CER 0160-4918 


0160-3334 
0160-3334 
0160-4574 
0160-4918 
0160-4918 


~w~nN- OO 


0160-4918 CAPACITOR-FXD .022UF +-10% SOVDC CER 0160-4918 
0160-4574 CAPACITOR-FXD 1000PF +-10% 100VDC CER 0160-4574 
0160-4574 1 CAPACITOR-FXD 1000PF +-10% 100VDC CER 0160-4574 


1901-0040 DIODE-SWITCHING 30V SOMA 2NS DO-35 1901-0040 
1853-0020 TRANSISTOR PNP SI PD=300MW FT=1S0MHZ 1853-0020 


0698-3444 RESISTOR 316 1% .125W F TC=0+-100 C4-1/8-T0-316R-F 
0757-0280 RESISTOR 1K 1% .125W F TC=0+-100 C4-1/8-T0-1001-F 
0698-3444 RESISTOR 316 1% .125W F TC=0+-100 C4-1/8-T0-316R-F 
0698-3444 RESISTOR 316 1% .125W F TC=0+-100 C4-1/8-T0-316R-F 
0757-0442 RESISTOR 10K 1% .125W F TC=0+-100 C4-1/8-T0-1002-F 


0698-3444 RESISTOR 316 1% .125W F TC=0+-100 C4-1/8-T0-316R-F 
0698-3444 RESISTOR 316 1% .125W F TC=0+-100 C4-1/8-T0-316R-F 
0698-3444 RESISTOR 316 1% .125W F TC=0+-100 C4-1/8-T0-316R-F 
0757-0442 RESISTOR 10K 1% .125W F TC=0+-100 C4-1/8-T0-1002-F 
0757-0442 RESISTOR 10K 1% .12S5W F TC=0+-100 C4-1/8-T0-1002-F 


0757-0442 RESISTOR 10K 1% .125W F TC=0+-100 C4-1/8-T0-1002-F 


3101-0403 SWITCH-SL S-SPDT DIP-SLIDE-ASSY .1A 3101-0403 


TERMINAL-STUD SGL-PIN PRESS-MTG 0360-1514 
TERMINAL-STUD SGL-PIN PRESS-MTG 0360-1514 
TERMINAL-STUD SGL-PIN PRESS-MTG 0360-1514 
TERMINAL-STUD SGL-PIN PRESS-MTG 0360-1514 


0360-1514 
0360-1514 
0360-1514 
0360-1514 


ww ww 


GATE TTL LS NAND DUAL 4-INP SN74LS20N 
GATE TTL LS NOR QUAD 2-INP SN74LS02N 
GATE TTL LS NAND QUAD 2-INP SN74LSO0ON 
GATE TTL LS NAND 8-INP SN74LS30N 
FF TTL LS D-TYPE POS-EDGE-TRIG SN74LS74AN 


1820-1204 
1820-1144 
1820-1197 
1820-1207 
1820-1112 


DNODDO 


FF TTL LS D-TYPE POS-EDGE-TRIG SN74LS 74AN 
GATE TTL LS NOR QUAD 2-INP SN74LS02N 
FF TTL LS D-TYPE POS-EDGE-TRIG SN74LS 74AN 
SCHMITT-TRIG TTL INV HEX SN7414N 

INV TTL LS HEX 1-INP SN74LS04N 


1820-1112 
1820-1144 
1820-1112 
1820-1053 
1820-1199 


-DDDO 


GATE TTL LS NAND TPL 3-INP SN74LS10N 
BFR TTL NAND QUAD 2-INP SN7438N 

GATE TTL LS NAND QUAD 2-INP SN74LSOON 
FF TTL S J-K NEG-EDGE-TRIG SN74S112N 
MUXR/DATA-SEL TTL LS 8-TO-1-LINE SN74LS251N 


1820-1202 
1820-0621 
1820-1197 
1820-0629 
1820-1298 


—-SONNA 


GATE TTL LS NAND QUAD 2-INP SN74LS03N 
EP TIL ES D=1YPE POS-EDGE-TRIG SN74LS74AN 
SCHMITT-TRIG TTL INV HEX SN741 4N 

INV TTL LS HEX 1-INP SN74LS04N 
GATE TTL LS NAND QUAD 2-INP SN74LSOON 


1820-1198 
1820-1112 
1820-1083 
1820-1199 
1820-1197 


o-DDO 


See introduction to this section for ordering information 
*Indicates factory selected value 
t+Backdating information in Section VII 62h3 


Replaceable Parts Model 436A 


Table 6-2. Replaceable Parts 


Reference HP Part |C ae Mfr 


Mfr Part Number 


1820-1144 
1820-1056 
1820-1216 
1820-1202 
1820-1112 


1820-1198 


1251-2315 


5000-9043 
$040 -6849 


00436-60012 


0180-0197 
0160-3879 
0160-3879 


1200-0807 


1251-3283 
1854-0810 
1810-0151 


1810-0151 
1810-0136 


IC GATE TTL LS NOR QUAD 2-INP 

IC SCHMITT-TRIG TTL NAND QUAD 2-INP 
IC DCDR TTL LS 3-TO-8-LINE 3-INP 

IC GATE TTL LS NAND TPL 3-INP 

IC FF TTL LS D-TYPE POS-EDGE-TRIG 


IC GATE TTL LS NAND QUAD 2-INP 


NOT ASSIGNED 
CONNECTOR-PC EDGE 20-CONT/ROW 2-ROWS 


A6 MISCELLANEOUS (OPT. 022) 


PIN:P.C. BOARD EXTRACTOR 
EXTRACTOR, P.C. BOARD 


HP INTERFACE BUS(HP-IB)INPUT/OUTPUT ASS 
(FOR OPTION 022 ONLY) 


CAPACITOR-FXD 2.2UF+-10% 20VDC TA 
CAPACITOR-FXD .01UF +-20% 100VDC CER 
CAPACITOR-FXD .01UF +-20% 100VDC CER 


SOCKET-IC 16-CONT DIP-SLDR 
NOT ASSIGNED 
NOT ASSIGNED 
NOT ASSIGNED 
NOT ASSIGNED 


NOT ASSIGNED 
CONNECTOR 24-PIN F MICRORIBSON 


TRANSISTOR NPN SI PD=625MW FT=200MHZ 
NETWORK-RES 7-SIP10.0K OHM X 6 


NETWORK-RES 7-SIP10.0K OHM X 6 
NETWORK-RES 10-SIP MULTI-VALUE 


SN74LS02N 
SN74132N 

SN74LS138N 
SN74LS10N 
SN74LS 74AN 


SN74LS03N 


1251-2315 


$000-9043 
$040 -6849 


00436-60012 


1$0D225X9020A2 
0160-3879 
0160-3879 


1200-0507 


1251-3283 
1854-0810 
CSP0 7007-1037 


CSP07C07-103J 
1810-0136 


0787-0442 RESISTOR 10K 1% .125W F TC=0+-100 
0757-0442 RESISTOR 10K 1% .125W F TC=0+-100 


C4-1/8-T0-1002-F 
C4-1/8-T0-1002-F 


0757-0442 RESISTOR 10K 1% .125W F TC=0+-100 C4-1/8-T0-1002-F 
1810-0136 3 NETWORK-RES 10-SIP MULTI-VALUE 1810-0136 


3101-1213 SWITCH-TGL SUBMIN DPST .5A 120VAC PC 3101-1213 


SN74LS251N 
SN74LS193N 


1820-1298 MUXR/DATA-SEL TTL LS 8-TO-1-LINE 
1820-1194 CNTR TTL LS BIN UP/DOWN SYNCHRO 
1820-1298 MUXR/DATA-SEL TTL LS 8-TO-1-LINE SN74LS251N 
00436-80008 TTL S 256-BIT ROM 40-NS 3-S 00436-80008 
1820-0621 BFR TTL NAND QUAD 2-INP SN7438N 


1820-1298 MUXR/DATA-SEL TTL LS 8-TO-1-LINE SN74LS251N 
1820-1198 GATE TTL LS NAND QUAD 2-INP SN74LS03N 
1820-0621 BFR TTL NAND QUAD 2-INP SN7438N 
1820-1298 MUXR/DATA-SEL TTL LS 8-TO-1-LINE SN74LS251N 


A7 MISCELLANEOUS (OPT. 022) 


0380 -0643 STANDOFF -HEX .255-IN-LG 6-32THD 
1530-1098 CLEVIS 0.070-IN W SLT: 0.454-IN PIN CTR ORDER BY DESCRIPTION 
00436-00010 COVER PLATE-HP-IB 00436-00010 
$951 - 7587 TAG- HARDWARE S951 - 7587 
7120-4855 LABEL-IDENTIFICATION .4S-IN-WD 1.S5-IN-LG 7120-4855 

(OPTION 022) 


ORDER BY DESCRIPTION 


See introduction to this section for ordering information 
ret *Indicates factory selected value 
a4 tBackdating information in Section VII 


Model 436A Replaceable Parts 


Table 6-2. Replaceable Parts 


Reference HP Part |C dealt Mfr 


The A6 and A7 assemblies for Option 024 have been deleted. 


See introduction to this section for ordering information 
*Indicates factory selected value 
+Backdating information in Section VII 6-15 


Replaceable Parts Model 436A 


Table 6-2. Replaceable Parts 
HP Part |C inti 


POWER REFERENCE OSCILLATOR ASSEMBLY 


Reference 
Designation 


Mfr Part Number 


A8 00436-60030 00436-60030 


POWER REFERENCE OSCILLATOR BOARD 00436-60011 


ASSEMBLY 


A8A1 00436-60011 


0160-3879 
0160-3036 
0160-3036 
0160-3879 
0160-3879 


CAPACITOR-FXD .01UF +-20% 100VDC CER 
CAPACITOR-FDTHRU SOOOPF +80 -20% 200V 
CAPACITOR-FDTHRU SOOOPF +80 -20% 200V 
CAPACITOR-FXD .O01UF +-20% 100VDC CER 
CAPACITOR-FXD .O01UF +-20% 100VDC CER 


A8A1C1 0160-3879 
A8A1C2 0160-3036 
A8A1C3 0160-3036 
A8A1C4 0160-3879 
A8A1CS 0160-3879 


0160-2027 
0160-3070 
150D475X903582 
0160-2255 
0160-3878 


CAPACITOR-FXD 300PF +-S% SOOVDC MICA 
CAPACITOR-FXD 100PF +-S% 300VDC MICA 
CAPACITOR-FXD 4.7UF+-10% 35VDC TA 
CAPACITOR-FXD 8.2PF +-.25PF SO0VDC CER 
CAPACITOR-FXD 1000PF +-20% 100VDC CER 


A8A1C6 0160-2027 
A8A1C7 0160-3070 
A8A1C8 0180-0100 
A8A1C9 0160-2255 
A8A1C10 0160-3878 


0160-0179 
0160-3879 
0160-4006 
0160-4007 


CAPACITOR-FXD 33PF +-5% 300VDC MICA 
CAPACITOR-FXD .O1UF +-20% 100VDC CER 
CAPACITOR-FXD 36PF +-S% 300VDC GL 
CAPACITOR-FXD 200PF +-5% 300VDC GL 


A8A1C11 0160-0179 
A8A1C12 0160-3879 
A8A1C13 0160-4006 
A8A1C14 0160-4007 


1901-0518 
1901-0518 
0122-0299 


DIODE-SM SIG SCHOTTKY 
DIODE-SM SIG SCHOTTKY 
DIODE-VVC 82PF S% C2/C20-MIN=2 BVR=20V 


A8A1CRI 1901-0518 
A8A1CR2 1901-0518 
A8A1CR3 0122-0299 
A8A1T1 1250-1220 CONNECTOR-RF SMC M PC SO-OHM 1250-1220 

00436-80001 
9140-0144 

00436-80002 


COIL-VARIABLE 
INDUCTOR RF-CH-MLD 4.7UH 10% .10SDX.26LG 
COIL-3-1/2 TURNS 


A8A1L1 00436-80001 
A8A1L2 9140-0144 
A8A1L3 00436-80002 


ASA1Q1 
AgA1Q2t 


ASAIRI 
A8A1R2* 
ASA1R3 
A8A1R4 
A8A1RS 


A8A1R6 
A8A1R7 
A8A1R8 
A8A1R9 
A8A1R10 


A8A1R11 
A8A1R12 
A8A1R13 
A8A1R14 
A8A1R15 


ASAIRI6T 


A8A1TP1 
A8A1TP2 


A8A1U1 
A8A1U2 


A8A1VRI1 
ASA1VR2* 


1854-0247 
1854-0810 


0757-0442 
0757-1094 
0811-3234 
2100-3154 
0811-3381 


0757-0440 
0698-7284 
0757-0465 
0698-7284 
0757-0280 


0757-0280 
07857-0442 
0757-0438 
07857-0398 
0757-0317 


0698-6364 


0360-1514 
0360-1514 


1826-0013 
1820-0223 


1902-0680 
1902-0956 


2190-0008 
2190-0009 
2190-0124 
2360-0209 
2580 -0002 


2950 -0078 
3050-0079 
7100-1204 


WMD O~ NIN OOO 


NPWOW 


TRANSISTOR NPN SI TO-39 PD=1W FT=800MHZ 
TRANSISTOR NPN SI PD=625MW FT=200MHZ 


RESISTOR 10K 1% .125W F TC=0+-100 
RESISTOR 1.47K 1% .125W F TC=0+-100 
RESISTOR 10K 1% .OSW PWW TC=0+-10 
RESISTOR-TRMR 1K 10% C SIDE-ADJ 17-TRN 
RESISTOR 7.1K .OSW PW TC=0+-10 


.125U F TC=0+-100 
-OSW F TC=0+-100 
RESISTOR 100K .125U F TC=0+-100 
RESISTOR 100K .OSW F TC=0+-100 
RESISTOR 1K 1% .125W F TC=0+-100 


RESISTOR 7.5K 
RESISTOR 100K 


RESISTOR 1K 1% .125W F TC=0+-100 
RESISTOR 10K 1% .125W F TC=0+-100 
RESISTOR S.11K 1% .125W F TC=0+-100 
RESISTOR 75 1% .125W F TC=0+-100 
RESISTOR 1.33K 1% .125W F TC=0+-100 


RESISTOR SO .1% .125W F TC=0+-25 


TERMINAL-STUD SGL-PIN PRESS-MTG 
TERMINAL-STUD SGL-PIN PRESS-MTG 


IC OP AMP LOW-NOISE TO-99 PKG 
IC OP AMP GP TO-99 PKG 


DIODE-ZNR 1N827 6.2V 5% DO-7 PD=.4W 
DIODE-ZNR 8.2V S% DO-35 PD=.4W TC=+.065% 


A8 MISCELLANEOUS PARTS 


WASHER-LK EXT T NO. 6 .141-IN-ID 
WASHER-LK INTL T NO. 8 .168-IN-ID 
WASHER-LK INTL T NO. 10 .19S-IN-ID 
SCREW-MACH 6-32 1-IN-LG PAN-HD-POZI 
NUT-HEX-DBL-CHAM 8-32-THD .085-IN-THK 


NUT-HEX-DBL-CHAM 10-32-THD .067-IN-THK 
WASHER-FL NM NO. 2 .094-IN-ID .188-IN-OD 
CAN-RECT 2.00" 


1854-0247 
1854-0810 


C4-1/8-T0-1002-F 
C4-1/8-T0-1471-F 
140-1/20-1002-F 
43P102 

0811-3381 


C4-1/8-T0-7501-F 
C3-1/8-T0-1003-F 
C4-1/8-T0-1003-F 
C3-1/8-T0-1003-F 
C4-1/8-T0-1001-F 


C4-1/8-T0-1001-F 
C4-1/8-T0-1002-F 
C4-1/8-T0-S5111-F 
C4-1/8-T0-7S5R0-F 
C4-1/8-T0-1331-F 


0698-6364 


0360-1514 
0360-1514 


SSS741CJ 
CA301 AT 


1N827 
1902-0956 


2190-0008 
2190-0009 
2190-0124 


ORDER BY DESCRIPTION 


2580-0002 


2950 -0078 
3050-0079 
7100-1204 


See introduction to this section for ordering information 
*Indicates factory selected value 
6-16 tBackdating information in Section VII 


Model 436A Replaceable Parts 


Table 6-2. Replaceable Parts 


Reference C ae 


00436-60054 | 2 POWER SUPPLY ASSEMBLY 00436-60054 


0180-1985 CAPACITOR-FXD SOOQUF+75-10% 30VDC AL 0180-1985 
0180-1985 CAPACITOR-FXD SOOUF+7S-10% 30VDC AL 0180-1985 
0180-3344 CAPACITOR-FXD 2.2UF +-20% SOVDC AL 0180-3344 
0180-3344 CAPACITOR-FXD 2.2UF +-20% SOVDC AL 0180-3344 
0180-3343 CAPACITOR-FXD 10UF+-20% 25VDC AL 0180-3343 


1901-0200 DIODE-PWR RECT 100V 1.5A 1901-0200 
1901-0200 DIODE-PWR RECT 100V 1.5A 1901-0200 
1901-0328 DIODE-PWR RECT 400V 1A 6US A140 
1901-0328 DIODE-PWR RECT 400V 1A 6US A140 
1901-0328 DIODE-PWR RECT 400V 1A 6US A140 


1901-0328 DIODE-PWR RECT 400V 1A 6US 4140 


NOT ASSIGNED 
NOT ASSIGNED 
NOT ASSIGNED 


0698-3442 RESISTOR 237 1% .125W F TC=0+-100 C4-1/8-T0-237R-F 
0698-3150 RESISTOR 2.37K 1% .125W F TC=0+-100 C4-1/8-T0-2371-F 
2100-3123 RESISTOR-TRMR S00 10% C SIDE-ADJ 17-TRN 43P501 


0360-1514 TERMINAL-STUD SGL-PIN PRESS-MTG 0360-1514 
0360-1514 TERMINAL-STUD SGL-PIN PRESS-MTG 0360-1514 
0360-1514 TERMINAL-STUD SGL-PIN PRESS-MTG 0360-1514 
0360-1514 TERMINAL-STUD SGL-PIN PRESS-MTG 0360-1814 
0360-1514 TERMINAL-STUD SGL-PIN PRESS-MTG 0360-1514 


0360-1514 TERMINAL-STUD SGL-PIN PRESS-MTG 0360-1514 


1826-0277 IC V RGLTR-FXD-NEG 14.4/15.6V TO-220 PKG LM320T-15 
1826-0393 IC V RGLTR-ADJ-POS 1.2/37V TO-220 PKG LM317T 


AQ MISCELLANEOUS PARTS 


2200-0103 SCREW-MACH 4-40 .25-IN-LG PAN-HD-POZI 2200-0103 
$000 -9043 PIN:P.C. BOARD EXTRACTOR $000-9043 
5040-6845 PC BOARD EXTRACTOR, WHITE 9040-6845 


A10 00436-60009 MOTHER BOARD ASSEMBLY 00436-60009 


A10J1 1200-0508 SOCKET-IC 14-CONT DIP-SLDR 1200-0508 
A10I2 1200-0507 SOCKET-IC 16-CONT DIP-SLDR 1200-0507 
41033 1251-3898 CONNECTOR 10-PIN M POST TYPE 1251-3898 
A104 1251-3898 CONNECTOR 10-PIN M POST TYPE 1251-3898 


A10VR1 1902-0551 DIODE-ZNR 6.2V S% PD=1W IR=10UA 1902-0591 
A10XU1 NOT ASSIGNED 
A10XU2 1251-1365 CONNECTOR-PC EDGE 22-CONT/ROW 2-ROWS 1251-1365 
A10XU3 1251-1365 CONNECTOR-PC EDGE 22-CONT/ROW 2-ROWS 1251-1365 
A10XU4 1251-1365 CONNECTOR-PC EDGE 22-CONT/ROW 2-ROWS 1251-1365 
A10XUSA 1251-13658 CONNECTOR-PC EDGE 22-CONT/ROW 2-ROWS 1251-1365 
A10XUSB 1251-1626 CONNECTOR-PC EDGE 12-CONT/ROW 2-ROWS 1251-1626 
A10XU6 1251-1365 CONNECTOR-PC EDGE 22-CONT/ROW 2-ROWS 1251-1365 
A410 MISCELLANEOUS PARTS 
2190-0007 WASHER-LK INTL T NO. 6 .141-IN-ID 2190-0007 
2360-0195 SCREW-MACH 6-32 .312-IN-LG PAN-HD-POZI 2360-0195 


0960-0444 LINE MODULE-UNFILTERED 0960-0444 


00436-60023 CABLE ASSEMBLY-MOLEX, FRONT 00436-60023 


1281-3537 CONNECTOR 10-PIN F POST TYPE 1251-3537 
1251-3966 CONTACT-CONN U/W-POST-TYPE FEM CRP 1251-3966 
1251-0512 CONNECTOR S-PIN F POST TYPE 1251-0512 


See introduction to this section for ordering information 
*Indicates factory selected value 
+Backdating information in Section VII 6-17 


Replaceable Parts Model 436A 


Table 6-2. Replaceable Parts 


Reference 
Designation 


Mfr Part Number 


00436-60024 


1281-3537 
1251-3966 


0180-2221 
0360-0270 
2680 -0128 
00436-20058 
0180-0197 


0160-2437 
2190-0009 
2580-0002 
0160-2437 
2190-0009 
2580-0002 


0160-2437 
2190-0009 
2580-0002 


2110-0063 


2110-0421 


0590-0011 
1250 -0083 
2190-0016 
2950-0001 


1250-0083 
2190-0016 
2950-0001 


1251-3283 


0520-0128 
1460-1345 
2190-0045 
2360-0115 
2360 -0334 


2510-0192 
6960-0027 
5001-0439 


$020-8815S 
$020 -8879 
$040 -7201 
5040-7203 
5060-9971 


00436-00002 
00436-00003 
00436-00011 
00436-00018 
5020-8816 


00436-00007 
00436-00008 
00436-00013 
00436-00001 
00436-00004 
0370-0914 


6 


H-$NANDL AOwWMDeS 


ODWxAICO 


CABLE ASSEMBLY-NOLEX, REAR 


CONNECTOR 10-PIN F POST TYPE 
CONTACT-CONN U/W-POST-TYPE FEM CRP 


CAPACITOR-FXD 7200UF+7S-10% 1SVDC AL 
TERMINAL-SLDR LUG LK-MTG FOR-#10-SCR 
SCREW-MACH 10-32 .25-IN-LG PAN-HD-POZI 
CLAMP-CAP 2.062-DIA STL 

CAPACITOR-FXD 2.2UF+-10% 20VDC TA 


CAPACITOR-FDTHRU SOOOPF +80 -20% 200V 
WASHER-LK INTL T NO. 8 .168-IN-ID 
NUT-HEX-DBL-CHAM 8-32-THD .08S-IN- THK 
CAPACITOR-FDTHRU SOOOPF +80 -20% 200V 
WASHER-LK INTL T NO. 8 .168-IN-ID 
NUT -HEX-DBL-CHAM 8-32-THD .085-IN-THK 


CAPACITOR-FDTHRU SOOOPF +80 -20% 200V 
WASHER-LK INTL T NO. 8 .168-IN-ID 
NUT-HEX-DBL-CHAM 8-32-THD .08S-IN-THK 


FUSE .7SA 250V NTD 1.25X.25 UL 
(FOR 100, 120 VAC OPERATION) 
FUSE .375A 250V TD 1.25X.25 UL 
(FOR 220, 240 VAC OPERATION) 


MOUNT-CONNECTOR, FRONT: PART OF WS 
REFERENCE OSCILLATOR, FRONT:P/0 W6 
NUT-KNRLD-R 5/8-24-THD .125-IN-THK 
CONNECTOR-RF BNC FEM SGL-HOLE-FR SO-OHM 
WASHER-LK INTL T 3/8 IN .377-IN-ID 
NUT-HEX-DBL-CHAM 3/8-32-THD .094-IN-THK 


CONNECTOR-RF BNC FEM SGL-HOLE-FR S0-OHM 

WASHER-LK INTL T 3/8 IN .377-IN-ID 

NUT -HEX-DBL-CHAM 3/8-32-THD .094-IN-THK 

REFERENCE OSCILLATOR CONNECTOR, REAR 
PART OF W10 


MOUNT-CONNECTOR, REAR:P/0 WS 
CONNECTOR 24-PIN F MICRORIBBON 
(PART OF A7, OPTION 022 ONLY) 


MECHANICAL PARTS 


SCREW-MACH 2-S6 .25-IN-LG PAN-HD-POZT 
TILT STAND SST 

WASHER-LK HLCL NO. 2 .088-IN-ID 
SCREW-MACH 6-32 .312-IN-LG PAN-HD-POZI 
SCREW-MACH 6-32 .312-IN-LG 100 DEG 


SCREW-MACH 8-32 .25-IN-LG 100 DEG 

NOT ASSIGNED 

PLUG-HOLE STD. HD .625"DIA NYLON 
(OMIT ON OPTION 003) 

TRIM, FRONT SIDE 


FRAME -FRONT 

STRUT-CORNER 

FOOT (STANDARD ) 

TRIM STRIP 
COVER-PERFORATED, BOTTOM 


SUPPORT-RIGHT HAND 

SUPPORT -LEFT HAND 
COVER-PLATE, BLANK 
COVER-TOP, UPPER PERFORATED 
FRAME-REAR 


PANEL -REAR 

SHIELD-POWER SUPPLY 

COVER- TRANSFORMER 

SUB-PANEL , FRONT 

PANEL-FRONT, LOWER 

BEZEL-PB KNOB, .490LG,.330W, . 165HI, JADE 


00436-60024 


1251-3537 
1281-3966 


0180-2221 

0360-0270 

ORDER BY DESCRIPTION 
00436-20055 
1S0D22SX9020A2 


0160-2437 
2190-0009 
2880 -0002 
0160-2437 
2190-0009 
2580-0002 


0160-2437 
2190-0009 
2580 -0002 


2110-0063 


313.375 


0$90-0011 
1250-0083 
2190-0016 
ORDER BY DESCRIPTION 


1250-0083 
2190-0016 
ORDER BY DESCRIPTION 


1251-3283 


ORDER BY DESCRIPTION 
1460-1345 
2190-0045 
ORDER BY DESCRIPTION 
2360 -0334 


ORDER BY DESCRIPTION 
6960-0027 
$001 -0439 


$020-8815 
$020-8879 
$040-7201 
$040-7203 
$060 -9971 


00436-00002 
00436-00003 
00436-00011 
00436-00018 
$020 -8816 


00436-00007 
00436-00008 
00436-00013 
00436-00001 
00436-00004 
0370-0914 


See introduction to this section for ordering information 
*Indicates factory selected value 
6-18 tBackdating information in Section VII 


Model 436A Replaceable Parts 


Table 6-2. Replaceable Parts 


Reference HP Part 


Designation Nimber Description Mfr Part Number 


00436-20017 WINDOW-FRONT 00436-20017 
$040 -6927 STRIP $040-6927 
00436-00029 SCREEN, RFI 00436-00029 
2190-0018 WASHER-LK HLCL NO. 6 .141-IN-ID 2190-0018 


0362-0192 CONNECTOR-SGL CONT QDISC-FEM 0362-0192 
0362-0192 CONNECTOR-SGL CONT QDISC-FEM 0362-0192 
0362-0192 CONNECTOR-SGL CONT QDISC-FEM 0362-0192 
0362-0192 CONNECTOR-SGL CONT QDISC-FEM 0362-0192 
0362-0192 CONNECTOR-SGL CONT QDISC-FEM 0362-0192 


= 


HIG. 


Y 


Figure 6-1. Cabinet Parts 


See introduction to this section for ordering information 
*Indicates factory selected value 
tBackdating information in Section VII 6-19 


Replaceable Parts Model 436A 


Table 6-2. Replaceable Parts 


Reference HP Part |C Ne 


Mfr Part Number 


0362-0192 
0362-0192 
0362-0192 
0362-0192 
0362-0192 


00436-60028 
00436-60014 
0510-0067 
2200-0105 
0160-4065 


9100-0647 
2360-0139 
0590-0025 


$020 -8122 


1826-0181 
0626-0002 


8120-0619 
8120-0617 


8120-1733 


00436-60032 
00436-20014 
1251-3362 

00436-60029 


8120-1378 
00436-60032 


00436-20014 
1251-3362 


00436-60033 


8120-3304 
117304 
117308 
11730C 
117300 
11730E 
11730F 


1251-2309 


CONNECTOR-SGL CONT QDISC-FEM 
CONNECTOR-SGL CONT QDISC-FEM 
CONNECTOR-SGL CONT QOISC-FEM 
CONNECTOR-SGL CONT QDISC-FEM 
CONNECTOR-SGL CONT QDISC-FEM 


POWER SWITCH ASSEMBLY 

POWER SWITCH CONNECTOR ROD 
NUT-SHMET-U-TP 4-40-THD .21-WD STL 
SCREW-MACH 4-40 .312-IN-LG@ PAN-HD-POZI 
CAPACITOR-FXD .1UF +-20% 250VAC(RMS) 


TRANSFORMER-POWER 100/120/220/240V 
SCREW-MACH 6-32 2-IN-LG PAN-HD-POZI 
NUT-HEX-PLSTC LKG 6-32-THD .172-IN-THK 


LINE VOLTAGE SELECTOR CARD 


IC V RGLTR TO-3 
SCREW-TPG 6-20 .S-IN-LG PAN-HD-SLT 


CABLE ASSEMBLY 

CABLE ASSY 26AWG 16-CNDCT 
SEE INFORMATION FOLLOWING A11 
CABLE ASSY 26AWG 16-CNDCT 
(NOT USED ON OPTION 022) 


CABLE ASSEMNBLY-SENSOR INPUT (INCL J1) 
WASHER-CONNECTOR MOUNT 

NUT-AUDIO CONN 

CABLE-REFERENCE OSCILLATOR OUTPUT 
(INCL J2) 


SEE INFORMATION FOLLOWING A11 

CABLE ASSY 18AWG 3-CNDCT JGK-JKT 

CABLE-SENSOR IN REAR (INCL J6: 
OPTION 002 AND 003) 

WASHER-CONNECTOR MOUNT 

NUT-AUDIO CONN 


CABLE-REFERENCE OSCILLATOR REAR (INCL J 
OPTION 003 ONLY) 

CABLE-DATA (OPT. 022) 

CABLE ASSEMBLY -S’ 

CABLE ASSY-SENSOR 10’ 

CABLE ASSY-SENSOR 20’ 

CABLE ASSY-SENSOR SO’ 

CABLE ASSY-SENSOR 100’ 

CABLE ASSY-SENSOR 200’ 


NOT ASSIGNED 
CONNECTOR-PC EDGE 12-CONT/ROW 1-ROW 


0362-0192 
0362-0192 
0362-0192 
0362-0192 
0362-0192 


00436-60028 
00436-60014 
0510-0067 

ORDER BY DESCRIPTION 
0160-4065 


9100-0647 
ORDER BY DESCRIPTION 
0S$90-0025 


$020-8122 


LM323K 
ORDER BY DESCRIPTION 


8120-0619 
8120-0617 


8120-1733 


00436-60032 
00436-20014 
1251-3362 

00436-60029 


8120-1378 
00436-60032 


00436-20014 
1251-3362 


00436-60033 


8120-3304 
11730A 
117308 
11730C 
11730D 
11730E 
11730F 


1251-2309 


See introduction to this section for ordering information 
*Indicates factory selected value 
6-20 tBackdating information in Section VII 


Model 436A 


Replaceable Parts 


Table 6-3. Code List of Manufacturers 


Manufacturer Name 


ANY SATISFACTORY SUPPLIER 
ALLEN-BRADLEY CO 

TEXAS INSTR INC SEMICOND CMPNT DIV 
SPECTROL ELECTRONICS CORP 

GE CO SEMICONDUCTOR PROD DEPT 
MOTOROLA SEMICONDUCTOR PRODUCTS 
PRECISION MONOLITHICS INC 
FAIRCHILD SEMICONDUCTOR DIV 
MEPCO/ELECTRA CORP 

MICRO-OHM CORP 

TRANSITRON ELECTRONIC CORP 
CORNING GLASS WORKS (BRADFORD) 
NATIONAL SEMICONDUCTOR CORP 
HEWLETT-PACKARD CO CORPORATE HQ 
RCA CORP SOLID STATE DIV 
MEPCO/ELECTRA CORP 

BOURNS INC TRIMPOT PROD DIV 
SPRAGUE ELECTRIC CO 

LITTELFUSE INC 

DALE ELECTRONICS INC 


Address Zip Code 


MILWAUKEE 
DALLAS 

CITY OF IND 
AUBURN 
PHOENIX 

SANTA CLARA 
MOUNTAIN VIEW 
MINERAL WELLS 
EL MONTE 
WAKEFIELD 
BRADFORD 
SANTA CLARA 
PALO ALTO 
SOMERVILLE 
SAN DIEGO 
RIVERSIDE 
NORTH ADAMS 
DES PLAINES 
COLUMBUS 


6-21/6-22 
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Model 436A Manual Changes 


SECTION VII 
MANUAL CHANGES 


7-1, INTRODUCTION changes listed opposite your instrument’s serial 
7-2. This section contains manual change instruc- number or prefix. The manual changes are listed in 
ARES for backdating this manual for HP Model serial number sequence and should be made in the 
BSeA° Power Meters that have serial. number sequence listed. For example, Change A should be 


prefixes that are lower than the prefix listed on the made after Change B; Change B should be made 
title page. after Change C. Table 7-2 is a summary of manual 


changes arranged first by page number, then by 
component. It should be useful when you are try- 
7-3. MANUAL CHANGES ing to locate changes to a specific page or com- 
7-4. To adapt this manual to your instrument, ponent, or when you are trying to find all changes 
refer to Table 7-1 and make all of the manual related to a subject. 


Table 7-1. Manual Changes By Serial Number 


Serial Prefix or Number Make Manual Changes 
1447A, 1451A, 1503A S, R, Q, P, O, N, M, L, K, J, 1, H, G, F, E, D,C,B,A 
1448A, 1501A, 1504A, 1505A 


1538A, 1550A 


S, R, Q, P, O, N, M, L, K, J, I, H, G, F, E, D, C, B 


S, R, Q, P, O, N, M, L, K, J, I, H, G, F, E, D, C 


1606A, 1611A and 1629A S, R, Q, P, O, N,M, L, K, J, 1, H, G, F,E,D 


| 


7-1 


S, R, Q, P, O, N 


Manual Changes 


Table 7-2. Summary of Manual Changes by Page Number (1 of 2) 


Options 
Paragraph 1-9 
Paragraph 1-17 
Paragraph 1-20 
Paragraph 1-21 


Paragraph 1-25, 1-26 


Paragraph 2-13 
Paragraph 2-16 
Paragraph 2-17 
Paragraph 2-19 
Table 2-2 
Figure 2-4 


Paragraphs 3-3, 3-9 


Figure 3-1 
Figure 3-1 
Figure 3-2 
Figure 3-3 
Figure 3-3 
Figure 3-3 
Figure 3-3 
Paragraph 3-62 
Paragraph 3-64 
Paragraph 3-70 
Table 3-7 

Table 3-8 

Table 5-1 
Paragraph 5-23 


A1A8 Miscellaneous Parts 


A38Q12, 17, 21, 23-25 


A3Q34 
A4C10 
A4Q1 
A4R5 
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Description 


A4R6 

A4U5 

A5Q1-5 
A4U6-12 
Ad5XU11 

A6 (Option 022) 
A6S1 

A7Q1 

A7U4 

A6 (Option 024) 


A9 Miscellaneous Parts 
Cl 
W3P1 and W7P1 


Paragraph 8-2, step f. 
Figure 8-2 

Table 8-2 
Paragraph 8-68, 8-69 
Table 8-5 
Paragraph 8-72 
Table 8-6 
Paragraph 8-155 
Paragraph 8-157 
(Output Data) 
Figure 8-21 
Figure 8-25 
Figure 8-28 
Figure 8-29 
Figure 8-30 
A2C14 

A2C21-28 
A2C29-35 
A2CR3 

A2Q4-8, 13, 16-18 
A2R4 

A2R7 
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Model 486A Manual Changes 


Table 7-2. Summary of Manual Changes by Page Number (2 of 2) 


Description Description 


Figure 8-39 
A7Q1 
Figure 8-43 


on! 
© 


Figure 8-32 
Figure 8-33 
A3C18-22 A6U1, A6U4-6 (schematic) 


A3Q6-10, 12, 17, 21, 23-25, 34 Voltage and Ground Table 
Part Number Table 
A8A1Q2 
Circuit Descriptions 
Figure 8-46 
Figure 8-48 
Figure 8-49 


Me vwOooOoOUeeuny 


& les 
M- 


Figure 8-38 


7-5. If your instrument’s serial number or prefix is important information about serial number cover- 
not listed on the title page of this manual or in age, refer to INSTRUMENTS COVERED BY 
Table 7-1, it may be documented in a yellow MANUAL in Section I. 

MANUAL CHANGES supplement. For additional 


7-6. MANUAL CHANGE INSTRUCTIONS 


CHANGE A 
Page 6-5, Table 6-2: 
Delete diode A2CR3. 


Page 6-6, Table 6-2: : 
Add A2R4 0757-0442 FXD RESISTOR 10K OHM 1% .125W F TUBULAR. 
Change A2R9 0757-0442 FXD RESISTOR 10K OHM 1% .125W F TUBULAR. 


Service Sheet 7, Figure 8-30: 
Change schematic as follows: 
Remove diode A2CR38 from transistor Q1. 
Change resistor A2R9 to 10kQ. 
Connect resistor A2R4 10kQ between U5B pin 6 and —15 VF supply point. 
Add resistor A2R4 to REFERENCE DESIGNATIONS table. 


CHANGE B 

Page 6-9, Table 6-2: 
Change A4C10 to 0160-3466 FXD 100 pF. 
Change A4R5 to 0757-0465 FXD 100K OHM 1% .125W. 
Change A4U5 IC COUNTER 74192N (PREFERRED PART). 


Page 6-10, Table 6-2: 
Change A4U6—-A4U12 IC COUNTER 74192N (PREFERRED PART). 
Service Sheet 9, Figure 8-35: 


Change schematic as follows: 
Change capacitor A4C10 to 100 pF. 
Change resistor A4R5 to 100 kQ. 


Manual Changes Model 436A 


CHANGE C 


Page 6-6, Table 6-2: 
Change A2R18 to 0698-3453, RESISTOR 196K 1% 0.125W F TUBULAR. 


Page 6-7, Table 6-2: 
Delete A2R81. 


Page 8-179, Figure 8-30: 
Change A2R18 to 196K. 
Delete A2R81 (connect R18 directly to VR2 and R20). 


Page 8-186, Figure 8-38: 
This circuit board has been incorrectly marked. The “1 0” marking immediately to the left of U1 
should be reversed to read ‘0 1”. 


CHANGE D 


Table 6-2: 
A6 was originally 00436-60013. However, the part number shown in the table is the recommended 
replacement. Therefore, no manual change is required. 


Change U1, U4-6 to 1820-1201 CD6 IC GATE TTL LS and QUAD 2-INP 
Delete A6C8 
Delete A6R6 


Section VIII: 
Under Circuit Descriptions for Service Sheet 5 replace the paragraph covering Output Data with the 
following: 


8-157. Output Data. The Line Buffers are contin- 
uously enabled for both local and remote opera- 
tion. They invert and buffer the measurement and 
status inputs for continuous application to a 
remote controller via rear-panel BCD Remote 
Interface connector J7. Each time that the operat- 
ing program enters the Display and Remote Talk 
Subroutine, a low Print output is generated in 
response to the LSDAV instruction to inform the 
external controller that the data output of the line 
selectors is valid. The Print output is then reset 
high by the HLLD instruction generated at the 
start of the next program cycle. 
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Model 486A Manual Changes 
CHANGE D (cont'd) 


Service Sheet 5: 
Replace the Line Latches and Line Buffers portion of the block diagram with Figure 7-1: 


mms ll 


yU2 109B 
YU4 10°C 
YU8 109D 
yD1 101A 
YD2 10'B 
YD4 10'C 
YD8 10'D 
YH1 102A 
YH2 102B 16 
YH4 102C 
YH8 102D 
YK1 103A 
YK2 103B 
YK4 103C 
NSPL SIGN 
LINE 


YR1 BUFFERS BIT1 
YR2 BIT2 

YR3 BIT3 3 
3 4@ MODE BIT 1 (NM1) pie 

eee wove srrzama 6. | be 

MODE BIT 2 (NM2) fe 

2,3,4€ : 
SENSOR AUTO-ZERO STATUS (YM3) Bee 

| 

OVER/UNDER RANGE STATUS HOR BIT 2 

3, 4 9 HUR BIT 1 ; 


EX9A 


EX9B 

TRUE RANGE EXPONENT EX°c 
EXD 5 
Ex!” 


SIGN AND MAIN COUNTER OUTPUT 


2,3,4 


— —_— ees ll 


RANGE SELECT 


Figure 7-1. BCD Interface (Option 024) Circuit Block Diagram (P/O Change D) 
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Manual Changes ; Model 436A 


CHANGE D (cont'd) 


Service Sheet 13 (Component Locations photograph): 
Replace the component locator photograph with Figure 7-2. 


A6 ASSEMBLY 


CIRCUIT 
SIDE 


Figure 7-2. AG BCD Interface Control (Option 024) Assembly Component and Test Point Locations (P/O Change D) 


Change the A6 part number to 00436-60013 (upper left side). 


Change the Integrated Circuit Voltage and Ground Connections table references for U1 and U4-6 to 
the same as U2-3 and U9-16. 


Model 436A 


CHANGE D (cont'd) 


Manual Changes 


Change the Transistor and Integrated Circuit Part Numbers table for U1 and U4-6 to 1820-1201. 
Delete the 100-Ohm resistor (R6) between the LSDAV input (pin 6) and U8D pin 12. 
Delete the 0.01 uF capacitor (C8) from U3D pin 12 and digital ground. 

Replace the center portion of the schematic with Figure 7-3: 
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Figure 7-3. BCD Interface Control (Option 024) Assembly Schematic Diagram (P/O Change 0) 


Manual Changes Model 486A 


CHANGE E: 


Table 6-2: 
A2 was originally 00436-60001. However, the part number shown in the table is the recommended 
replacement. Therefore, no manual change is required. 


Delete A2C21-28. 
Delete A2C29-35. 


A3 was originally 00436-60002. However, the part number shown in the table is the reeommended 
replacement. Therefore, no manual change is required. 


Delete A3C18-21. 
Delete A3C22. 


The AQ assembly was originally 00436-60006. However, the part number shown in the table is the 
recommended replacement. Therefore, no manual change is required. 


Add A9F1,2 2110-0012 CD1 FUSE .5A 250V 1.25 x .25 UL. 
Add A9F8 2110-0010 CD9 FUSE 5A 250V 1.25 x .25 UL. 
Add A9U1 1826-0283 CD4 IC V RGLTR 14-DIP-P. 

Delete A9C3,4. 

Delete A9U1,2. 

Under AQ Miscellaneous Parts add the following: 


1205-0294 CD1 HEAT SINK SGL PLSTC-PWR-CS. 
2110-0269 CDO FUSEHOLDER-CLIP TYPE .25D-FUSE. 
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CHANGE E (cont'd) 


Service Sheet 7: 
Replace the component locator photograph with Figure 7-4. 
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Figure 7-4. A2 AC Gain Assembly Component, Test Point, and Adjustment Locations (P/O Change E) 
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CHANGE E (cont'd) 


Service Sheet 7 (schematic): 
On U5 delete C21, C25, C29 and C30. 
On U1 delete C22, C26 and C31. 
On U2 delete C23, C27, C32 and C33. 
On U8 delete C24, C28 and C34. 
On Q12 delete C35. 


Service Sheet 8: 
Replace the component locator photograph with Figure 7-5. 


A3 ASSEMBLY 


LIN LFS LZR MTR DC OFF BAL ZERO OFF 


Figure 7-5. A3 A-D Converter Assembly Components, Test Point, and Adjustment Locations (P/O Change E) 
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Staal 


Model 486A 


CHANGE E (cont'd) 


Service Sheet 8 (schematic): 
On U5 delete C18, C20 and C22. 
On U8 delete C19 and C21. 


Service Sheet 15: 


Replace the paragraphs labeled Power Supply Rectifier and Regulator Assembly with the following: : 


Power Supply Rectifier and Regulator Assembly 


Diodes A9CR3 through AYCR6 comprise a bridge rectifier circuit 
with capacitors A9C1 and A9C2 providing filtering for the 
rectified voltages. The filtered dc voltages are applied to the +Vjy 
(A9TP2) and —Viy (A9TP1) inputs of the Dual-Voltage Regulator 
(A9U1). The +15V (A9TP4) and —15V (A9TP3) outputs of the 
Dual-Voltage Regulator track each other. Fuses AOF1 and A9F2 
provide protection for the Power Transformer. 


Diodes A9CR1 and A9YCR2 provide full-wave rectification of the 
voltage at AOTP6 to be applied to the +5V Regulator. Fuse AQF3 
provides protection for diodes A9CR1 and A9CR2 and the Power 
Transformer. 


Manual Changes 
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Manual Changes 


CHANGE E (cont'd) 


Change the references to U1 or U2 in the troubleshooting paragraph to “U1”. 
Replace the component locator photograph with Figure 7-6. 


AQ ASSEMBLY 


O6.04.0 


= 


Figure 7-6. A9 Power Supply Rectifier and Regulator Assembly Component and Test Point Locations (P; 
7-12 ays Si 


Model 436A 


CHANGE E (cont'd) 


Replace the AQ portion of the schematic with Figure 7-7. 


A9 Power Supply Rectifier and Regulator Assy 


DUAL - VOLTAGE 
_21v A™ REGULATOR ™ —-15V 


CR5 


1 
1826-0183 


GND + SENSE 


+CL 
+VIN  +BOOST 


+21V 
+8V 
: ey | 
5.0A 
. | 
! 
| 
ol a! pile earn hades de gan al dc lle Sas Seal a i Geandie eee eS 


Power Supply Rectifier and Regulator Circuit 436A 


Manual Changes 


Reference designation: 
blies are abbreviated. 
Number; e.g., R1 of A 
other components are | 


Figure 7-7. Power Supply Rectifier and Regulator Assembly Schematic Diagram (P/O Change E) 


CHANGE F: 
Table 5-1: 


Replace the portion of Table 5-1 for selecting A2R7, R12, R18 and R81 with the following: 


Reference 
Designator 


Table 5-1. Factory Selected Components 


Selected For 


A display readout of 100.0 mW if the Power Meter, after being properly 
adjusted, passes all of the Instrumentation Accuracy Tests specified in Section 
IV except for the high range (100 mW/20 dBm) 


Normal Value |Service 


162K 
(150KQ. to 
250KQ) 
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Manual Changes Model 436A 


~ CHANGE F (cont'd) 


Table 6-2: 
Delete the asterisk (*) next to A2R7, R12, R18 and R81. 


Service Sheet 7 (schematic): 
Delete the asterisk next to A2R7 and A2R12. 
Delete A2R81 between A2R18 and the point connecting A2VR2 and A2R20. 


CHANGE G: 


Table 6-2: 
Delete MP27 


CHANGE H: 


Adjustments: 
Delete the NOTE before paragraph 5-16. 
Delete paragraph 5-23. 


Table 6-2: 
The AQ assembly was originally 00436—60038. However, the part number shown is the recommended 
replacement. Therefore, no manual change is required. 
Delete A9R1-3 
Change U2 to 1826-0106 CDO VOLTAGE REG. 15V LM340T-15. 


Service Sheet 15: 
Replace the component locator photograph with Figure 7-8. 


A9 ASSEMBLY 


Figure 7-8. A9 Power Supply Rectifier and Regulator Assembly Component and Test Point Locations (P/O Change H) 
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Model 436A Manual Changes 


CHANGE H (cont'd) 


Replace the A9Y portion of the schematic with Figure 7-9. 


A9 Power Supply Rectifier and Regulator Assy 


= ll 
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Power Supply Rectifier and Regulator Circuit 436A° 


Figure 7-9. Power Supply Rectifier and Regulator Assembly Schematic Diagram (P/O Change H) 
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CHANGE I: 


Section II: 


Under Circuit Options change the first sentence to read the following: 
Jumper options are available for selecting a filtered or unfiltered dc RECORDER OUTPUT or for 
changing the TALK and LISTEN addresses when Hewlett-Packard Interface Bus Option 022 is 
installed. 


Delete the paragraph on Address Selection. 
Add the following to the bottom of Table 2-2: 


Hewlett-Packard The factory installed jumpers select TALK address M and LISTEN address 

Interface Bus Con- — (minus sign) for the Power Meter. As shown on Service Sheet 11, either 

trol Assembly A6 of these addresses causes a high enable output at U2C-10. If it is desired 

(Option 022) to change these addresses, refer to Service Sheet 11 and Table 2-2 and 
reconnect the jumpers to decode the appropriate ASCII characters. For 
example, to change to TALK address E and LISTEN address %, the 
jumpers would be reconnected as follows. 


ASCII code (logic 1=0V) 


NOTE 


For instruments with serial prefixes 1550A and below, the circuit 
board has been incorrectly marked. Refer to the component loca- 
tion diagram for the A6 assembly on Service Sheet 11. The “‘1 0”’ 
immediately to the left of Ul should be reversed to read ‘‘0 1”’, 


Note: DIO7 and DIO6 must always be 
1 and 0, respectively, for TALK address. 


Note: DIO7 and DIO6 must always be 
0 and 1, respectively, for LISTEN address. 


Jumpers 


U1B-13 E, % , Disconnect jumper from HI04 
U1B-12 and reconnect to LI04. 

U1B-10 

U1B- 9 

U2C- 9 


Table 6-2: 
The A6 assembly was originally 00436-60005. However, the part number shown in the table is the 
recommended replacement. Therefore, no manual change is required. 
Delete A6S1. 
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Si Fes | Manual Changes 


1 (Figure 8-38): 


et 1 
figure with Figure 7-10. 


A6 ASSEMBLY 


1-10. AG HP-1B (Option 022) Control Assembly Component and Test Point Locations (P/O Change !) 


eae ge 7-17 


Manual Changes Model 436A 


CHANGE | (cont'd) 


Service Sheet 11 (schematic): 
Replace the ADDRESS DECODER portion of the schematic with Figure 7-11. 


ESET LISTEN/UNLISTEN DECODER ome, 


LE TELE, ADDRESS DECODER oe, 
HI01 


Figure 7-11. P/O HP-IB (Option 022) Control Assembly Schematic Diagram (P/O Change 1) 


CHANGE J: 
Table 6-2: 


A2U6 was originally 1816-0615. However, the part number shown is the recommended replacement. 
Therefore, no manual change is required. 


A7U4 was originally 1816-0614. However, the part number shown is the recommended replacement. 
Therefore, no manual change is required. 
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Model 436A 


CHANGE K: 


Service Sheet 7 (schematic): 
Replace the J1 and J6 Input Connectors (left side of schematic) with Figure 7-12. 
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Figure 7-12. P/O AC Gain Assembly Schematic Diagram (P/O Change K) 


Manual Changes 
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Manual Changes Model 486A 


CHANGE L: 


Table 6-2: 
Add A5XU11 1200-0553 CD5 SOCKET-IC 28-CONT DIP-SLDR 
Delete S1C6 


Service Sheet 15 (schematic): 
At the bottom of the All assembly (left side of schematic) delete C6. 


CHANGE M: 


Table 6-2: 
A4R6 was originally 0757-0438. However, the part number shown in the table is the reeommended 
replacement. Therefore, no manual change is required. 


CHANGE N: 


A2CR1 and A2CR2 were originally 1901-0518. However, the part numbers shown in the table are the 
recommended replacements. Therefore, no manual change is required. 


CHANGE O: 


Table 6-2: 
A2C19 and A2C20 were originally 0160-0164. However, the part number shown in the table is the 
recommended replacement. Therefore, no manual change is required. 


The part number under W3P1 and W7P1 was originally 1251-3897. However, the part number shown in 
the table is the reeommended replacement. Therefore, no manual change is required. 
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Model 436A 


CHANGE P: 
Table 6-2: 


Manual Changes 


Add A2C21-A2C28 0160-0575 CD4 CAPACITOR-FXD .047 uw F +/—20% 50VDC CER 
Add A2C29-A2C35 0160-3877 CD5 CAPACITOR-FXD 100pF +/—20% 200VDC CER 


A2Q4-8, A2Q13, A2Q16-18, A3Q6-10, A8Q12, A3Q17, A3Q21, A3Q23-25, A3Q34, A4Q1, A5Q1-5, 


A7Q1 and A8Q2 originally had the part number 1854-0071. However, the part number shown in the 


table is the recommended replacement. Therefore, no manual change is required. 


Add A8C18-21 0160-3879 CD7 CAPACITOR-FXD .01 yu F +/—20% 100VDC CER 
Add A38C22 0160-3877 CD5 CAPACITOR-FXD 100pF +/—20% 200VDC CER 


Service Sheet 7 (schematic): 
Replace the component locator photograph with Figure 7-13. 
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Figure 7-13. A2 AC Gain Assembly Component, Test Point and Adjustment Locations (P/O Change P) 


Add the following capacitors between Analog (A) ground and the designated point: 
C21 .047 uF, U5A pin 4 
C25 .047 uF, U5A pin 8 
C22 .047 uF, U1 pin 4 
C26 .047 wF, U1 pin 7 
C23 .047 w F, U2B pin 4 
C27 .047 w F, U2B pin 8 
C24 .047 uF, U8 pin 4 
C28 .047 w F, U8 pin 7 
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Manual Changes 


CHANGE P (cont’d) 


Add the following capacitors between the designated points: 

C29 100 pF, U5B pins 5 and 6 
C30 100 pF, U5A pins 2 and 3 
C31 100 pF, Ul pins 2 and 3 

C32 100 pF, U2B pins 5 and 6 
C33 100 pF, U2A pins 2 and 3 
C34 100 pF, U8 pins 2 and 3 

C35 100 pF, Q12 pins DandS 


Replace the J1 and J6 Input Connectors (left side of schematic) with Figure 7-14. 
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Figure 7-14. P/O AC Gain Assembly Schematic Diagram (P/O Change P) 
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Model 486A 
CHANGE P (cont'd) 


Service Sheet 8 (schematic): 


Replace the component locator photograph with Figure 7-15. 
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A3A1 


Figure 7-15. A3 A-D Converter Assembly Components, Test Point, and Adjustment Locations (P/O Change P) 


Add the following capacitors between the designated points and chassis (C) ground: 


C18 .01 pF, USA pin 4 
C19 .01 uF, U8A pin 4 
C20 .01 uF, USB pin 8 
C21 .01 uF, U3A pin 7 
C22 100 pF, USA pins 2 and 3 
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CHANGE Q: 


Table 6-2: 
A2CR1,2 was originally 1901-0895. However, the part number shown in the table is the recommended 
replacement. Therefore, no manual change is required. 


A3C12 was originally 0160-4272. However, the part number shown in the table is the reeommended 
replacement. Therefore, no manual change is required. 

A4U5-12 was originally 1820-0546. However, the part number shown in the table is the 
recommended replacement. Therefore, no manual change is required. 

The A6 assembly (Option 022) originally was 00436-60047. However, the part number shown in the 
table is the recommended replacement. Therefore, no manual change is required. 


The capacitor clamp below C1 was originally 0180-0078. However, the part number shown is the 
recommended replacement. Therefore, no manual change is required. 


Service Sheet 11 (schematic): 
Replace the A6 portion of the schematic with Figure 7-16. 


REMOTE 
= QUALIFIER = 
MULTIPLEXER 


\es DATA VALID go 
STATUS GENERATOR 


Figure 7-16. HP-IB (Option 022) Control Assembly Schematic Diagram (P/O Change Q) 
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CHANGE R: 


Section I (Options): 
Change the description for Option 003 to the following: 
A rear panel input connector replaces the standard front panel input connector; a rear panel POWER 
REF OUTPUT connector replaces the standard front panel connector. 


Table 6-2: 
A8R16 was originally 0698-8581. However, the part number shown in the table is the 
recommended replacement. Therefore, no manual change is required. 


Under the description for W5 add to omit with Option 003. 


Service Sheet 7: 
Under notes item 3 (right side of schematic) add W5 (Omitted on Option 003) and delete from W5 and 
W9 connected in parallel (Option 002 and 003). 


Service Sheet 8: 
Under notes item 4 (right side of schematic) add W5 (Omitted on Option 003) and delete from W5, W9 
connected in parallel (Option 002 and 003). 


CHANGE S: 


Title Page: 
Add Option 002 and 024. 


Section I: 
Under Instruments Covered By Manual in the first sentence of the first paragraph add Option 002 
before Option 003 and add Option 024 after Option 004. 


Replace paragraph 1-17 with the following: 


1-17. Two programming interfaces are available as 
options for the Power Meter — a Hewlett-Packard 
Interface Bus (HP-IB) Option 022; and a BCD 
Interface, Option 024. Both interfaces allow full 
remote control of all the power meter functions 
(CAL FACTOR can be programmed to either 
100% or the CAL FACTOR which has been 
manually set on the front panel). These options 
may be added by the user at a later time as his 
requirements grow. 


Add the following between paragraph 1-19 and 1-20: 


Option 002. A rear panel input connector is con- 
nected in parallel with the front panel input 
connector. 
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CHANGE S (cont'd) 


Change the definition of Option 003 to the following: 
A rear panel input connector is connected in parallel with the front panel input connector. A rear 
panel POWER REF OUTPUT connector replaces the standard front panel connector. 

Replace paragraphs 1-23 and 1-24 with the following: 


1-24. Remote Control Options 


Options 022 and 024 add remote interface capa- 
bility to the Power Meter. Option 022 is compati- 
ble with the Hewlett-Packard Interface Bus (AH1, 
CO, DC2, DT1, L2, LEO, PPO, RL2, SH1, SRO, T3, 
TEO); Option 024 uses dedicated input/output 
lines to enable remote programming and to provide 
parallel, BCD-coded output data. 


Option 022 or 024 may be ordered in kit form 
under HP part numbers 00436-60035 and 00436- 
60034 respectively. Each kit contains a control 
assembly printed-circuit board, an input/output 
assembly printed circuit board, and a data cable 
for interconnection. 


Section II: 
Replace paragraph 2-14 with the following: 


Jumper options are available for selecting a filtered 
or unfiltered dc RECORDER OUTPUT, and for 
selecting the desired programming of the SENSOR 
ZERO function when BCD Interface Option 024 
is installed. Table 2-2 lists the factory installed 
jumper connections and indicates how they may 
be reconnected to select the options. 


Add the following between paragraphs 2-17 and 2-18: 


BCD Interface Bus Option 024, Interconnection 
data for BCD Interface Option 024 is provided in 
Figure 2-4. Power Meter programming and output 
data format is described in Section III, Operation. 
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CHANGE S (cont'd) 


Replace paragraph 2-19 with the following: 
Interface Connectors. Interface mating connectors for Options 022 and 024 are indicated in Figures 
2-3 and 2-4, respectively. 


Add the following to Table 2-2: 


BCD Interface The factory-installed jumper enables the SENSOR ZERO function to be 
Control Assembly programmed only when the REMOTE ENABLE input to the Power Meter 
A6 (Option 024) is low. If it is desired to program the SENSOR ZERO function independ- 


ently of the remote enable input, reconnect the jumper to provide +5V 
to U12C-9 as shown on Service Sheet 8. 
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CHANGE S (cont'd) 


After Figure 2-3 add Figure 7-17: 


10°A —> 10°C UNITS 


10°8 > 10°D 
norowemmpec ys 2th) MEASURE 
101A > 10'¢ VALUE; 
INTERPRET 
10 1B 10-0 AS: 


SSS 


HUNDREDS 


2 Pe 
10° B 510, D (10 not printed out) 


107A ~A0 C 
THOUSANDS 
10°B 


SIGN 
(Of measured value) 
MEASUREMENT RATE < CAL FACTOR DISABLE 


RANGE STATUS BIT 1 > RANGE STATUS BIT 3 | POWER METER 
OPERATING 


RANGE STATUS BIT 2 GND RANGE 


MODE BIT 1 <— MODEBIT 1 
MODE SELECT 


MODE BIT 2 <— MODEBIT 2 
STATUS : or eS ea 
UNDER RANGE > SENSOR ZERO STATUS 


OVER RANGE GND 


EX°A EXC MEASURED 
UNITS VALUE 
EX°B = TEX°D EXPONENT 


EX'A GND (TENS (1 or 0) 
GND 
REMOTE ENABLE SENSOR ZERO SELECT 
NC INHIBIT (MEASUREMENT) 


RANGE RANGE BIT 3 PRINT 


SELECT 
(1 THRU 5 RANGE BIT 1 TRIGGER (MEASUREMENT) 


OR AUT 
Be) RANGE BIT 2 


Logic Levels Programming and Output Data Format 
The BCD Interface logic levels are TTL Refer to Section III, Operation 
compatible, i.e., the true state is 2.5 Vdc to Mating Connectors — HP 1251-0086 
+5 Vdc and the false state is 0.0 Vdc to Mating Cables Available — HP 562A-16C 
0.4 Vdc. for 5055A Printer 


Figure 7-17. BCD Interface Connection (P/O Change S) 
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CHANGE S (cont'd) 


Section III: 

In paragraph 3-3 after (Option 022) add ‘or BCD Remote Interface Option 024, respectively,”’. 

In the second sentence of paragraph 3-9 change “‘two”’ to “‘three”’ and add ‘‘Remote BCD Operation”’ 

after Local Operation. 

For item 6 of Figure 3-1 add ‘‘and BCD Option 024” after Option 022. 

In Figure 3-1 replace the definition of item 19 with the following: 
Available only with Options 002 or 003. Option 002 and 003 have a rear panel input connector 
wired in parallel with the front panel @seENsor connector. 

In Figure 3-1 under item 25 add “‘and 024” after 022. 

In the NOTE under Operator’s Checks (Local Operation) step 1 add ‘‘BCD or” before Hewlett. 

At the end of the Operator’s Checks (Local Operation) add the following: 


BEFORE CONNECTING LINE POWER TO THIS INSTRUMENT, ensure that all devices 
connected to this instrument are connected to the protective (earth) ground. 


REMOTE BCD OPERATION 


BEFORE SWITCHING ON THIS INSTRUMENT, ensure that the line power (mains) 
plug is connected to a three-conductor line power outlet that has a protective (earth) 
ground, (Grounding one conductor of a two-conductor outlet is not sufficient.) 


CAUTION 


DO NOT TWIST the body of the power sensor when connecting or disconnecting it to 
other instruments, Twisting may cause major damage to the power sensor’s electrical 
circuits, 


Connect the Power Sensor to the Power Meter with the Power Sensor Cable. 
Connect the Power Sensor to the 9 POWER REF OUTPUT connector. 


Connect the Power Cable to the power outlet and 20) Line Power Module receptacle, and set the 
@ LINE ON-OFF switch to ON (in). 


Set the Power Meter @ CAL FACTOR % switch to 100 and the @ POWER REF switch to off (out). 


NOTE 


Perform steps 5 through 20 only if Power Meter is connected to 
HP 8481A, 8482A, or 8483A Power Sensor. If Power Meter is con- 
nected to 8481H or 8482H Power Sensor, proceed to step 21. 


Set the Remote Enable input to the Power Meter to logical 1 (+2.5 to +5 Vdc), and program the Power 
Meter as follows: 
MUCC ME ea er Pe he ec) S WATT 
AT PCat aera Memes oe) MP Barcel A ALS a Ben. pink 
OPECORZEROn eres oat, oe. ee SON 
Q@CALFacToR%. .- -...... . + + enabled 


Verify that the Power Meter @ REMOTE, @ W, and @ ZERO lamps are lit and that the @) RF 
BLANKING output is 0.0 + 0.4V. 


Program the SENSOR ZERO function to off and verify that the & ZERO lamp remains lit for approx- 
imately four seconds. When the 5) ZERO lamp goes out, verify that the & Digital Readout indicates 
0.00 + 0.02 wW. 


Figure 3-2. Operator's Checks 
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OPERATOR'S CHECKS 
REMOTE BCD OPERATION (cont'd) 


Ge 4368 POWER 
ES MEWLETT > PACKARD 


MALLE? € 


RANGE HSOR  -- POWER AEP 
HOLD 


Sat Att 


Set the oD) POWER REF switch to ON. Verify that the 18) OVER RANGE lamp lights and the 
@ Digital Readout blanks (1_.___uW). 


NOTE 
Underscore (_) indicates blanked digit. 


Program the Power Meter to Range 3. Verify that the Ge mW lamp lights and that the 18) OVER 
RANGE lamp goes out. 


Figure 3-2. Operator's Checks 
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CHANGE S (cont'd) 


OPERATOR’S CHECKS 


REMOTE BCD OPERATION (cont'd) 


10. 


Adjust the & CAL ADJ control so that the eh) Digital Readout indicates 1.000 mW. Verify that the 
pointer on the (16) Auxiliary Meter is aligned between the last two marks, and that the @ RE- 
CORDER OUTPUT is approximately 1.00 Vdc. 


Rotate the ‘a; CAL FACTOR % switch through its range and verify that the @ Digital Readout in- 
creases slightly for each successive step. 


Set the CAL FACTOR disable programming input to logical 1 (+2.5 to +5 Vdc) and verify that the & 
Digital Readout indication changes back to 1.000 mW. 


Program the Power Meter to the dBm MODE and verify that the & Digital Readout indicates —0.00 
+ 0.01 dBm. 


Set the @) POWER REF switch to off (out). Verify that the QJ UNDER RANGE lamp lights and 
that the & Digital Readout blanks (—1__.__ dBm). 


Program the Power Meter to Range 1, and verify that the & Digital Readout blanked indication 
changes to —3__.__. The new indication verifies that the Power Meter is on the most sensitive dBm 
range. 


Set the & POWER REF switch to ON (in). Verify that the 18) OVER RANGE lamp lights and that 
the Digital Readout blanked indication changes to~1_. _ 


Program the Power Meter for Auto Ranging and verify that the @ Digital Readout indication changes 
to —0.00 + 0.01 dBm. This new indication verifies that the Power Meter has autoranged properly. 


Adjust the @& CAL ADJ control so that the @ Digital Readout indicates —1.40 dBm. 


Program the Power Meter to the dB [REF] MODE. Verify that the oe dBm lamp goes out, the 

dB (REL) lamp lights, and the qh Digital Readout changes to —0.00. This step verifies that the 
Power Meter can store a dB reference value and indicate RF input power levels in dB with respect to 
the stored reference. 


Program the Power Meter to the WATT MODE and readjust the 3) CAL ADJ control so that the 
© visita Readout indicates 1.000 mW. 


NOTE 


Steps 21 through 31 are performed in lieu of steps 5 through 20 
when the Power Meter is connected to an HP 8481H or an 
HP 8482H Power Sensor. 


Set the Remote Enable input to the Power Meter to logical 1 (0.0 + 0.4 Vdc) and program the Power 
Meter as follows: 

IMOGCR Wi Cato Mee ie fin NGM at a OS WAT 

Rangeaees., ON SSE yn, Came Ry aon OM KB] 

SENSOR ZERO SA es acta wee iad dns SON 


Qycarracron se: 2 .. . .) fenabled 


Verify that the Power Meter @ Remote, @ UW, and 9 ZERO lamps are lit and that the &) RF 
BLANKING output is 0.0 + 0.4V. 


Figure 3-2. Operator's Checks 
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OPERATOR'S CHECKS 
REMOTE BCD OPERATION (cont'd) 


Pf 4364 POWER NETER 
MEWLETT > SACKARD 


AALIEE 4 


“BE NGT APL OUR NTC ZERG TY 


Program the SENSOR ZERO function to off and verify that the Ga ZERO lamp remains lit for approxi- 


mately four seconds. When the@ ZERO lamp goes out, verify that the Digital Readout indicates 
0.00 + 0.02 mW. 


set the @ POWER REF switch to ON (in) and adjust the @ CAL ADJ control so that the @ digital 
Readout indicates 1.000 mW. Verify that the pointer on the Auxiliary Meter is aligned between 
the last two marks and that the RECORDER OUTPUT is approximately 1.000 Vdc. 


Figure 3-2. Operator's Checks 
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CHANGE S (cont'd) 


OPERATOR’S CHECKS 
REMOTE BCD OPERATION (cont'd) 


25. Rotate the CAL FACTOR % switch through its range and verify that the @P Digital Readout indica- 
tion increases slightly for each successive step. 


26. Set the CAL FACTOR Disable programming input to logical 1 (+2.5 to +5 Vde) and verify that the @ 
Digital Readout indication changes back to 1.000 mW. 


27. Program the Power Meter to the dBm MODE and verify that the =p) Digital Readout indicates 
—0.00 + 0.01 dBm. 


28. Set the @) POWER REF switch to off (out). Verify that the @ UNDER RANGE lamp lights and 
that the @ Digital Readout blanks (-1 __. __ dBm). 


29. Set the a) POWER REF switch to ON (in) and adjust the &) CAL ADJ control so that the @ Digital 
Readout indicates —1.40 dBm. 


Program the Power Meter to the dB [REF] MODE and verify that the @ dBm lamp goes out, the 
Go dB (REL) lamp lights, and the a) Digital Readout changes to —0.00. This step verifies that the 


Power Meter can store a dB reference value and indicate input power levels in dB with respect to the 
stored reference. 


Program the Power Meter to the WATT MODE and readjust the (13) CAL ADJ control so that the 
& Digital Readout indicates 1.000 mW. 


Figure 3-2. Operator's Checks 
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Model 436A 


In the NOTE under Operating Instructions (Local Operation) step 1 add “‘BCD or’’ before Hewlett. 
At the top of the page for Remote Operating Instructions add ““Or BCD Remote” after HP-IB. 


Add the following information after paragraph 3-61: 


REMOTE BCD INTERFACE OPERATION 


BCD Option 024 adds remote programming 
and digital output capability to the Power Meter. 
There are two basic methods for operating the 
Power Meter with this option. It can be operated 
locally with an external instrument used to record 
output data, or it can be operated remotely by 
sending remote programming inputs to the Power 
Meter. 


Figure 3-3 provides instructions for operat- 
ing the Power Meter with the BCD option installed. 
In order to follow these instructions, the operator 
must be familiar with Power Meter programming 
and output data format. This information is pro- 
vided in detail in the paragraphs which follow. 


NOTE 


The Power Meter BCD option is designed 
to interface directly with an HP 5055A 
Digital Recorder. When it is used with 
this recorder, it can only be operated in 
the Local mode (unless a special cable is 
fabricated), as the BCD interface bus 
lines that are normally used to program 
the Power Meter, are used instead to pre- 
set the digital recorder print format. In 
the paragraphs which follow, differences 
in Power Meter output data format for 
digital recorder and “universal”? interfac- 
ing are noted as applicable. 


Output Data Format 


When the Power Meter is interfaced with an 
HP 5055A Digital Recorder, the output data print- 
out is as described in Table 3-4. When the Power 
Meter is interfaced with other controller or re- 
corder instruments, data format is selected by the 
user. Refer to Table 3-5 for a description of the 
function and coding of the Power Meter output 
data lines. 


BCD Remote Programming 


Remote programming of the Power Meter 
is enabled when a 0.0 to +0.4 Vdc level is applied 
to remote enable input line J7-21. The Power 
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Meter controls that can be programmed remotely 
are the MODE and SENSOR ZERO switches. The 
controls not programmable are the POWER REF 
and LINE switches. The CAL FACTOR % switch 
can be enabled and disabled via the remote inter- 
face but, when enabled, the calibration factor 
entered at the front panel of the Power Meter is 
used. 


NOTE 


Jumper options are provided to enable 
remote programming of the SENSOR 
ZERO switch when the remote enable in- 
put is high (+2.5 to +5.0V level is applied 
to J7-21). See Section II, Installation. 


Remote range programming is slightly 
different than Local Range selection. For Local 
operation, a particular range is selected by allowing 
the Power Meter to autorange to the desired range, 
then pressing the RANGE HOLD switch to hold 
the range. For Remote operation, the programming 
codes have providion for direct selection of the 
desired range as well as selection of the autorange 
function. 


An additional feature that is only available 
via remote programming is selection of standby, 
triggered, or free running operation of the Power 
Meter. (During Local operation, the Power Meter is 
allowed to free run with approximately 133 milli- 
seconds allowed for settling time between measure- 
ments.) The specific remote triggering capabilities 
are: 


a. Hold — when the power meter is pro- 
grammed to Hold, it is inhibited from taking 
measurements and from outputting data. Thus, it is 
set to a predetermined reference condition from 
which a measurement can be triggered synchro- 
nously to some external event. : 


b. Trigger Immediate — this programming 
command directs the Power Meter to make one 
measurement and output the data in the minimum 
possible time, then to go into Hold until the next 
Triggering command is recieved. It does not allow 
settling time prior to the measurement. 
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Manual Changes 


Power Meter Output Data Printout for HP 5055A Digital Recorder 


Interpretation 


1 (right) Units Digit 
Tens Digit 
Hundreds Digit 
Thousands Digit 


Sign 


Range* 

Mode** 

Status*** 

Exponent Units Digit 
Exponent Tens Digit 


Intrepret measured value as 
XXKX 4 10 EXPONENT 


BCD Remote Programming (cont'd) 


c. Trigger with Delay -— this _ trigger 
command is identical to the trigger immediate 
command except that it causes the Power Meter to 
execute a settling-time delay subroutine before 
taking a measurement and outputting data. 


d. Free run at maximum rate — this 
programming command is normally used for 
asynchronous operation of the Power Meter. It 
directs the Power Meter to continuously take 
measurements and output data in the minimum 
possible time. It does not allow settling time prior 
to each measurement. 


e. Free run with Delay — this programming 
command is identical to the previous command 
except that it causes the Power Meter to execute a 
settling-time delay subroutine prior to each 
measurement. 


When programming the Power Meter for 
synchronous triggered operation, there are two 
factors that the programmer must consider to 
ensure the validity of the output measurement data. 
The first factor is the time that it takes the Power 


*Range Code 


1 = Range 1 (most sensitive) 
2 = Range 2 
3 = Range 3 
4 = Range 4 
5 = Range 5 (least sensitive) 


*** Mode Decode V =dB [REF] 
A = GB (REL) 
Q2 = Watts 

* = dBm 
***S tatus 0 = In Range 

1 = Underrange (WATT Mode) 
2 = Overrange 

3 = Underrange (dBm Mode) 
4 = ZERO Mode 


Meter to respond to a full scale change in input 
power level. A typical Power Meter response curve 
is shown in Figure 3-4. By comparing this curve 
with the measurement timing cycle shown in 
Figure 3-6 and summarized in Table 3-5, the 
validity of the Power Meter output can be 
tabulated according to operating range and 
triggering interval — versus change in input power 
level. A general summay of this information is as 
follows: 


a. When the Power Meter is programmed for 
trigger with settling time operation, sufficient time 
is provided for the Power Meter to settle to the 
input power level on all ranges except range 1. On 
range 1 approximately 10 seconds (0—10 measure- 
ments) are required for the Power Meter to settle 


b. When the Power Meter is programmed for 
trigger immediate operation, the desired amount of 
settling time can be incorporated into the operat- 
ing program. 


The programming codes that the Power 
Meter will respond to are listed in Table 3-8. 
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CHANGE S (cont'd) 


Add Table 7-3 and Table 7-4 after paragraph 3-80: 


NOTE ° 


The BCD output data levels are TTL compatible. A false 
(0) state is defined as 0.0 to +0.4 Vdc and a true state is 
defined as +2.5 to +5.0 Vdc 


Table 7-3. BCD Output Data Codes (1 of 2) 


MEASURED VALUE — The Power Meter format for outputting 
the measured value is SIGN, Four BCD DIGITS, and a negative 
EXPONENT. It is interpreted as: 


NOTES 


Pin numbers refer to connec- 
tor J7 on the rear panel. 


af ».@'O.O'¢ . (10) — EXPONENT 


When used with 5055A, a four 
line format is established by 
the following pins: 


34 (ground) 

10 (measurement rate; 
floats high) 

35 (cal factor disable; 

floats high) 


not printed 


Weight Pin Number 


1 al 
Z 
4 
8 
1 
2 
4 
8 
Hundreds 1 
2 
4 
8 
Thousands 1 
2, 
4 
8 
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CHANGE S (cont'd) 
Table 7-3. BCD Output Data Codes (2 of 2) 


STATUS OUTPUTS Pin 40] Pin 6) 2 Pin lb 


In Range 

Underrange (WATT Mode) 
Overrange 

Underrange (dBm Mode) 
Zero Mode 


RANGE — indicates range on which last measurement made. Pin 36 Pint core Pitt kL 


1 (most sensitive) 


5 (least sensitive) 


EXPONENT Pin 


Units EX °A 17 
EX°B 18 
BOG 42 
EX°D 43 

Tens EX'A 19 


Note: when used with 
5055A, four line for- 
mat is established by 
following pins: 

20 (ground) 

44 (ground) 

45 (ground) 


dB [REF] 
dB (REL) 
WATT 
dBM 


Note: when used with 
5055A, four line format 
is established by fol- 
lowing pins: 

38 (floats high) 

39 (floats high) 


High to low transition 
on pin 48 when output 
data is valid. 
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CHANGE S t'd 
keontial) Table 7-4. BCD Programming Commands 


Remote enable J7-21 When high, enables local operation of Power Meter via front- 


panel controls. When low, enables remote operation of Power 
Meter via programming commands listed below. 


NOTE 


When equipped with the BCD Option 024, the 
Power Meter generates a Print command and 
provides valid output data after each measure- 
ment for both Local and Remote operation. 


Range Bit 1 J7-24 Select Power Meter measurement range when Remote Enable 
Range Bit 2 J7-25 input is low. 
Range Bit 3 J7-23 Range Pin 23 Pin -25 -** Pina 

o* 0 0 0 

1 0 0 1 

2 0 4 0 

3 0 a 1 

4 is 0 0 

5 Bi 0 1 

Auto i ‘i X (0 or 1) 


*Standby range: Power Meter operating program is 
held at Power Up address 000, . 


Rate 
Inhibit J7-47 


Selects Power Meter triggering when remote enable input is low 


Pin 10 Pin 47 Pin 49 


Hold X (0 or 1) 0 X (0 or 1) 
Trigger Intermediate 0 0 | Positive-to-negative 

transition 
Trigger with Delay 0 


1 
Free Run Fast 0 1 X (0 or 1) 
Free Run with Delay 1 X (0 or 1) 


Cal Factor J7-35 When low disables front-panel CAL FACTOR % switch (same as 
Disable 100% position). When high, enables switch. 


Select mode when remote enable input is low. 


dB [REF] 0 0 
1 0 
0 1 
i 1 


dB (REL) 
WATT 

When low, enables power sensor auto zero circuit. 

NOTE 


dBm 

When programming this function, allow the cir- 
cuit about 7 seconds to settle before applying 
input power to Power Sensor. If RF input power 
is applied while ZERO lamp is on, it will introduce 
an offset that will affect future measurements. 


Mode Bit 1 
Mode Bit 2 


SENSOR 
Zero Select 
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Table 6-2: 
Under A1A3 Miscellaneous Parts 3050-1167 was originally 3050-0253. However, the part shown in the 
table is the recommended replacement. Therefore, no manual change is required. 


Delete A5XU11 
Add the following Replaceable Parts before the A8 assembly: 


Table 6-2. Replaceahle Parts 


Reference HP Part |C chee 
Designation Description Mfr Part Number 


00436-60037 1 BCD INTERFACE BUS CONTROL ASSEMBLY 00436-60037 
(FOR OPTION 024 ONLY) 


0180-0197 CAPACITOR-FXD 2.2UF+-10% 20VDC TA 150D225X9020A2 
0160-2055 CAPACITOR-FXD .O1UF +80-20% 100VDC 0160-2055 
0160-2055 CAPACITOR-FXD .O1UF +80-20% 100VDC 0160-2055 
0160-2055 CAPACITOR-FXD .O1UF +80-20% 100VDC 0160-2055 
0160-2055 CAPACITOR-FXD .O1UF +80-20% 100VDC 0160-2055 


0160-2055 CAPACITOR-FXD .O1UF +80-20% 100VDC 0160-2055 
0160-2055 CAPACITOR-FXD .O1UF +80-20% 100VDC 0160-2055 
0160-2055 CAPACITOR-FXD .O1UF +80-20% 100VDC 0160-2055 


1200-0507 SOCKET-IC 16-CONT DIP-SLDR 1200-0507 


NOT ASSIGNED 
1251-2955 CONNECTOR-PC EDGE 25-CONT/ROW 2-ROWS 1251-2955 


1853-0020 TRANSISTOR PNP SI PD=300MW FT=1S0MHZ 1853-0020 


1810-0151 NETWORK-RES 7-SIP10.0K OHM X 6 CSP07C07-103J 
1810-0151 NETWORK-RES 7-SIP10.0K OHM X 6 CSP07C07-103I 
0757-0442 RESISTOR 10K 1% .125W F TC=0+-100 C4-1/8-T0-1002-F 
0757-0438 RESISTOR S.11K 1% .125W F TC=0+-100 C4-1/8-T0-5111-F 
1810-0151 NETWORK-RES 7-SIP10.0K OHM X 6 CSP07C07-1037 


0757-0401 RESISTOR 100 1% .125W F TC=0+-100 C4-1/8-T0-101-F 


0360-1514 TERMINAL-STUD SGL-PIN PRESS-MTG 0360-1514 
0360-1514 TERMINAL-STUD SGL-PIN PRESS-MTG 0360-1514 
0360-1514 TERMINAL-STUD SGL-PIN PRESS-MTG 0360-1914 


1820-1411 LCH TTL LS D-TYPE 4-BIT SN74LS7SN 
1820-1199 INV TTL LS HEX 1-INP SN74LS04N 
1820-1197 GATE TTL LS NAND QUAD 2-INP SN74LSOON 
1820-1411 LECH TIL ES (D=TYPE 4-BIT SN74LS7SN 
1820-1411 LCH TTL LS D-TYPE 4-BIT SN74LS7SN 


1820-1411 CCH i ESO =1YPE. 4-8 iT SN74LS7SN 
1820-1112 FF TTL LS D-TYPE POS-EDGE-TRIG SN74LS74AN 
1820-1298 MUXR/DATA-SEL TTL LS 8-TO-1-LINE SN74LS251N 
1820-1201 GATE TTL LS AND QUAD 2-INP SN74LS08N 
1820-1201 GATE TTL LS AND QUAD 2-INP SN74LS08N 


1820-1201 GATE TTL LS AND QUAD 2-INP SN74LS08N 
1820-1198 GATE TTL LS NAND QUAD 2-INP SN74LS03N 
1820-1197 GATE TTL LS NAND QUAD 2-INP SN74LSOON 
1820-1199 INV TTL LS HEX 1-INP SN74LS04N 
1820-0621 BFR TTL NAND QUAD 2-INP SN7438N 
1820-1199 INV TTL LS HEX 1-INP SN74LS04N 
A6 MISCELLANEOUS (OPT. 024) 
5000 -9043 PIN:P.C. BOARD EXTRACTOR $000-9043 
5040 -6849 EXTRACTOR, P.C. BOARD $040-6849 
00436-60031 BCD INTERFACE BUS INPUT/OUTPUT ASSY 00436-60031 
(FOR OPTION 024 ONLY) 


A7 MISCELLANEOUS (OPT. 024) 


0520-0129 SCREW-MACH 2-56 .312-IN-LG PAN-HD-POZI ORDER BY DESCRIPTION 
0590-0106 NUT-HEX-PLSTC LKG 2-S6-THD .143-IN-THK ORDER BY DESCRIPTION 
1251-0087 CONNECTOR SO-PIN F MICRO RIBBON 1251-0087 
00436-00017 COVER PLATE-BCD 00436-00017 


See introduction to this section for ordering information 
+Backdating information in Section VII 
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CHANGE S (cont'd) 


The AQ assembly was originally 00436-60048. However, the part number shown in the table is the 
recommended replacement. Therefore, no manual change is required. 


A9C3,4 were originally 0180-0197. However, the part number shown in the table is the recommended 
replacement. Therefore, no manual change is required. 


Delete A9C5 
Add J7 1251-0087 CD7 CONNECTOR 50-PIN MICRORIBBON (OPTION 024 ONLY) 
Add MP7 6960-0024 CDO PLUG-HOLE .688” ID (OMIT ON OPTION 002 AND 003) 


W5 was originally 00436-60025. However, the part number shown in the table is the recommended 
replacement. Therefore, no manual change is required. 


Add to the description for W5 ‘“‘Omit on Option 003”’. 
Add to the description for W11 ‘‘and 024”’. 


Section VIII: 
Under paragraph 8-2 step f. add “or a BCD-equipped”’ after standard. 
At the top of Figure 8-2 under W11P2 add “or 024”’. 
Replace the first three pages of Table 8-2 with Table 7-5. 


Table 7-5. Program Mnemonic Descriptions (1 of 3) 


ee ee 
PROGRAM QUALIFIER INPUTS | 


Remote Initialize When low, enables Power Meter to automatically 

Under Range select most accurate measurement range. When 

Over Range high, causes Power Meter to hold last range 
selected, either locally or remotely. 


Linear, Positive — Main counter hundreds output (BCD). 
Conversion (YH1, YH2 
only) 
Linear, Negative — 
Conversion (YH1, YH2 
only) 
Log Conversion (all) 


Remote Initialize Least significant digit of main counter thousands 
Measurement should be output (BCD). 

Linear, Positive-Conversion 

Linear, Negative-Conversion 


Power Up Most significant digit of main counter thousands 
Auto Zero output (BCD). 
Delay 
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CHANGE S (cont'd) 


Table 7-5. Program Mnemonic Descriptions (2 of 3) 


Service 


Description 
Sheet p 


Remote Initialize Two-bit code which selects measurement mode as 


Measurement follows: 
Relative dB YM2 YM1 Mode 
Over/Under Range 1 a dBm 
Continue 0 1 dB Rel 
‘i 0 Watts 
0 0 dB Ref (dB [REF] switch 
pressed) 


Measurement 
Linear, Positive-Conversion 
Linear, Negative-Conversion 
Log Conversion 


A-D converter output. During measurement subroutine, 
indicates whether A-D input is above or below A-D 
threshold (YPLS high or low, respectively). During con- 
version subroutines, changes state when A-D converter 
discharges through threshold. 


Power Up 
Remote Initialize 


Three-bit code which selects measurement range as 
follows: 


Local Initialize YR3 YR2 YR1 Range 
Under Range (YR2, 0 0 0 0 (Remote only) 
YR3 only) 0 0 1 it 

Over Range 0 1 0 2 
0 ih 1 3 
1 0 0 4 
1 0 1 5 
1 i 0 6 (Invalid; Power Meter 
sl 1 i 7 automatically selects 


range 5 even if NAUTO 
high) 


YRMT 
(DACQ) 


Remote input. When HP-IB option installed, serves 

as I/O transfer control signal (refer to description and 
timing diagram provided under Principles of Operation). 
When BCD interface option installed, functions in 
conjunction with YRMT (FAST) to select measure- 
ment rate (see below). 


Display and Remote 
Talk 


Remote Initialize 
Delay 


Remote input. When HP-IB option installed, functions 
in conjunction with YRMT (HOLD) to select measure- 
ment rate as indicated below. When BCD interface op- 
tion installed, functions in conjunction with YRMT 

(DACQ) to select measurement rate as indicated below. 


FAST HOLD/DACQ Measurement Rate 


X low (level) Disabled (hold) 

high high (pulse) trigger (with settling time) 
low high (pulse) trigger (immediate) 

high high (level) free run (at maximum rate) 
low high (level) free run (with settling time) 


7-41 


Manual Changes Model 486A 


CHANGE S (cont'd) 
Table 7-5. Program Mnemonic Descriptions (3 of 3) 


YRMT Local/Remote Branch Remote input. When HP-IB option installed, functions 

(HOLD) Display and Remote Talk in conjunction with YRMT (FAST) to select measure- 
ment rate as indicated above. Hardwired high when 
BCD interface option installed. 


Display and Remote Talk Remote talk I/O transfer control signal associated with 
HP-IB option. Set low at start of talk cycle to indicate 
that last word of data message not sent to external con- 
troller; reset high at end of talk cycle. Hardwired low 
when BCD interface option installed. 


YRMT Local/Remote Branch Remote input. When low, selects local operation of 
(REMOTE) Delay Power Meter; when high, selects remote operation of 
Display and Remote Talk Power Meter 


YRMT Display and Remote Talk Remote talk I/O transfer control signal associated 

(RFDQ) with HP-IB option (refer to description and timing dia- 
gram provided under Principles of Operation). 
Hardwired low when BCD interface option installed. 


YRMT Display and Remote Talk Remote talk enable input associated with HP-IB option; 

(TALK) set low by external controller to request output data 
from Power Meter. Hardwired low when BCD interface 
option installed. 


Relative dB Relative counter status output. Goes low to indicate 
that contents of relative counter are equal to 0. 


INSTRUCTIONS 


Power Up Sets A-D auto-zero register thereby enabling A-D con- 
Local/Remote Branch verter auto-zero loop. 

Remote Initialize 

Auto Zero 

Delay 

Display and Remote Talk 


Power Up Loads mode select bits into mode register. 
Remote Initialize 
Local Initialize 
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Add the following text and Table 7-6 after Table 


8-4. 


Manual Changes 


TROUBLESHOOTING 


jinn nnn ne ttt 


BCD Instrument Checkout 


A procedure for checking the operation of a BCD 
equipped Power Meter is provided in Table 8-5. 
The procedure is structured identically to the 
standard instrument checkout procedure described 
previously. For additional information covering 
BCD circuit operation and program interfacing, 
refer to Service Sheets 3 and 5. 


NOTE 


Since a number of operating program 
addresses could not be verified for local 


operation, it is possible that an address 
malfunction could inhibit execution of 
the program. If this occurs it can be veri- 
fied using the logic analyzer in the free 
run mode. To isolate this type of 
problem, it is necessary to turn power on 
and off to the Power Meter, then to 
reprogram the Power Meter to the failed 
condition while using the logic analyzer to 
verify program execution starting at the 
Local/Remote Branch Subroutine (see 
Figure 8-15). 


Table 7-6. BCD Interface Option 024 Checkout (1 of 6) 


Instrument Setup and Test Procedure Test Description and Key Operating Sequence 


Connect Range Calibrator to Power Meter Description — This step verifies that the mode select gates provide 
and turn power on to both units. Set Range | a remote enable (LREM) output when the remote enable input is 
Calibrator FUNCTION switch to STAND- true, and that the range select gates provide a master reset (LPU) 


BY and program Power Meter for remote output when the Power Meter is programmed to remote range 0. 
free-run operation , range 0. Check that 
the following front-panel indications are 
observed: 


a. REMOTE indicator is lit. 
b. Digital Readout is blanked. 


c. Either OVER RANGE or UNDER 
RANGE indicator is lit. 


1 


Key Operating Sequence — 
a. Mode select gates provide low remote enable (LREM) output. 


b. Range select gates provide low master reset (LPU) output. 


c. Master reset output of range select gates holds operating pro- 
gram at starting address 000g (refer to Service Sheet 3, Block 
Diagram Description, Program Initialization). 


Set Power Meter MODE dBm and RANGE 
HOLD switches to on (in). Then pro- 
gram Power Meter for local operation and 
check that the Power Meter outputs the 
following data: 


Description — This step verifies that the Power Meter outputs a 
data message each time that it enters the Display and Remote 
Talk Subroutine while free running in the local mode. 


Key Operating Sequence — 


a. Remote enable (LREM) and master reset (CPU) outputs of 
mode and range select gates go high when Power Meter program- 
med for local operation. 


Status — 3 (Under range log) 

Range — 5 

Mode — 03 (dBm)* or blank (printer) 

Sign — 0 (+) 

Data — same as front-panel digital readout 
(while PRINT signal is low) 


Exponent — 02 


b. Operating program cycles to Display and Remote Talk 
Subroutine. 


c. The following display is observed with the logic analyzer cor- 
rected normally (refer to troubleshooting example) and set up 
for single sweep, TRIGGER WORD 1778 (Display and Remote 
Talk Subroutine Address). 


NOTE 
Operating program will hang up in 
Display and Remote Talk Subroutine 


ili Re Be aoe) KE OD 0017000). 7 
data transfer pause loop (addresses TOMO 10D 10019 001,28 
110g, 106g) is inhibit input is true OG E010 6011.3 01 001 010 9 
while Power Meter is programmed 00 100 100 4 10 O10 110 10 
for local operation. 1 c100 101 > 
110 6 
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CHANGE S (cont'd) 
Table 7-6. BCD Interface Option 024 Checkout (2 of 6) 


Step Instrument Setup and Test Procedure Test Description and Key Operating Sequence 


Program Power Meter for remote operation, | Description — This test verifies that the Power Meter is capable 
watt mode, range 1, trigger with settling of remote, watt mode, range 1 operation, and that the operating 
time. Then trigger a second measurement program enters the Display and Remote Talk Subroutine data 
and check that the Power Meter outputs the | transfer pause loop after outputting data when programmed 
following data: for triggered operation. 

Status — 0 (In Range) : 1 ey 

Range — 1 Key Operating Sequence — Program execution and circuit opera- 
Mode — 2 (Watt) or 2 (printer) tion previously verified except as indicated below: 


Sign — 1 or 0 (+ or —) . Mode select gates provide low remote enable (LREM) output 
Data — Same as front-panel digital readout. along with Watt mode output. 


Exponent — 08 . Range select gates provide range 1 output. 


. DACQ qualifier of measurement control circuit is set low by 
first trigger with settling time programming command, then 
reset by HCLD instruction generated in Display and Remote 
Talk Subroutine. 


. Operating program enters Display and Remote Talk Subroutine 
BCD hold loop (106g, 110g). 


. DACQ qualifier of measurement control circuit is set low by 
second trigger with settling time programming command, and 
the following display is observed with the logic analyzer con- 
nected normally (refer to troubleshooting example) and set up 
for single sweep, TRIGGER WORD 110g Q=0 (Display and 
Remote Talk Subroutine address. 


001 000 001 110 
001 001 001° 111 
001 010 011 O01 
010 110 011 110 
100 010 010 111 
001 010 O10 Tt 
001 011 COLO tat 
001 101 010 111 


. Watt mode output of mode select gates is loaded into mode 
select logic. 


. Operating program cycles to Display and Remote Talk Sub- 
routine data transfer pause loop. 


NOTE 


Address 1208 Q=1, 1233, and 1228 of 
Delay Subroutine not previously verified. 


Program Power Meter for remote operation, | Description — This test verifies that the Power Meter is capable of 
Watt mode, range 2, trigger with settling remote, watt mode, range 2 operation. 

time. Check that the Power Meter outputs 

the following data: Key Operating Sequence — Program execution and circuit opera- 


Status — 1 (Under range, watt) tion previously verified except as indicated below: 


Range — 2 a. Range select gates provide range 2 output. 
Mode — 2 (watt) or Q (printer) 

Sign — 1 or 0 (+ or—) continued... 

Data — same as front-panel Digital Readout 

Exponent — 07 
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Table 7-6. BCD Interface Option 024 Checkout (3 of 6) 


Test Description and Key Operating Sequence 


b. The following display is obtained with the logic analyzer con- 
nected normally (refer to troubleshooting example) and set 

up for single sweep, TRIGGER WORD 0128 (Remote Initialize 
Subroutine Address). 


Instrument Setup and Test Procedure 


001 010 1 001 111 5 
00 O01 O11 2 00 011 000 6 
LO O0T 101 S.3 LOMA OLL ALLO: 37 
001 110 4 010 111 8 


Program Power Meter for remote operation, 
Watt mode, range 3, trigger with settling 
time. Check that the Power Meter outputs 
the following data: 


Description — This test verifies that the Power Meter is capable 
of remote, Watt mode, range 3 operation. 


Key Operating Sequence — Program execution and circuit opera- 


Status — 1 (under range, watt) tion previously verified except as indicated below: 


Range — 3 

Mode — 2 (watt) or Q (printer) 

Sign — 1 or 0 (+ or—) 

Data — same as front-panel Digital Readout 
Exponent — 06 


a. Range select gates provide range 3 output. 


b. The following display is obtained with the logic analyzer con- 
nected normally (refer to troubleshooting example) and set 
up for single sweep, TRIGGER WORD 012 (Remote Initialize 
Subroutine Address). 


10 001 010 
00 001 O11 
10 001 101 
00 001 110 


OOP 111 
10 011 000 
101 110 
AU BE Ma BE 


mode 
ay 
os) 
OADM 


Program Power Meter for remote operation, 
watt mode, range 4, trigger with settling 
time. Check that the Power Meter outputs 
the following data: 


Description — This test verifies that the Power Meter is capable 
of remote, Watt mode, range 4 operation. 


Key Operating Sequence — Program execution and circuit opera- 


tion previously verified except as indicated below: 
Status — 1 (under range, watt) i ‘ ; 


Range — 4 

Mode — 2 (Watt) or Q (printer) 

Sign — 1 or 0 (+ or —) 

Data — same as front-panel Digital Readout 
Exponent — 05 


a. Range select gates provide range 4 output. 


b. The following display is obtained with the logic analyzer con- 
nected normally (refer to troubleshooting example) and set up 
for single sweep, TRIGGER WORD 012 (Remote Initialize 
Subroutine Address). 


LOM OO Le 010) 31. 001 110 5 
LOM O0TS OL 2 LOR HOLS TIO 6 
00 001 100 3 LOR AO Di igie7, 
10?>.001) 101, 4 LOTS Lone 


Program Power Meter for remote operation, 
Watt mode, range 5, trigger with settling 
time. Check that the Power Meter outputs 
the following data: 


Description — This test verifies that the Power Meter is capable of 
remote, watt mode, range 5 operation. 


Key Operating Sequence — Program execution and circuit opera- 
tion previously verified except as indicated below: 


Status — 1 (under range, watt) 

Range — 5 

Mode — 2 (watt) or Q (printer) 

Sign — 1 or 0 (+ or—) 

Data — same as front-panel Digital Readout 
Exponent — 04 


a. Range select gates provide range 5 output. 


b. Range counter is preset to range 5 during Remote Initialize 
Subroutine. 
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CHANGE S (cont'd) 
Table 7-6. BCD Interface Option 024 Checkout (4 of 6) 


instrument Setup and Test Procedure Test Description and Key Operating Sequence 


Program Power Meter for remote operation, 
Watt mode, auto range (6 or 7), trigger with 
settling time. Check that the Power Meter 
outputs the following data: 


Description — This test verifies that the Power Meter is capable 
of remote, watt mode, auto range operation. 


Key Operating Sequence — Program execution and circuit opera- 
tion previously verified except for auto range enable output of 
range select gates and address 012 Q=0 of Remote Initialize 
Subroutine. 


Status — 0 (in range) 

Range —1 

Mode — 02 (watt) or 22 (printer) 

Sign — 1 or 0 (+ or—) 

Data — Same as front-panel Digital Readout 
Exponent — 08 


Description — This test verifies that the Power Meter is capable of 
remote, dBm operation and that an LCKM instruction is generated 
for a range 3, trigger with settling time measurement. 


Program Power Meter for remote operation, 
dBm mode, range 3, trigger with settling 
time. Check that the Power Meter outputs 
the following data: 


Key Operating Sequence — Program execution and circuit opera- 


Status — 3 (under range dBm mode) : : Pes By es 
tion previously verified except as indicated below: 


Range — 3 

Mode — 03 (dBm) or * (printer — might be 
blank) 

Sign — 1 or 0 (+ or —) 

Data — same as front-panel Digital Readout 

Exponent — 02 


a. Mode select gates provide dBm mode output. 


b. LCKM instruction is generated at address 017g of Remote 
Initialize Subroutine and dBm output of mode select gates is 
loaded into mode register. 


Program Power Meter for remote operation, 
dB (REL) mode, range 4, trigger with set- 
tling time. Check that the Power Meter out- 
puts the following data: 


Description — This test verifies that the Power Meter is capable 
of remote dB (REL) operation and that an LCKM instruction is 
generated for a range 4 trigger with settling time measurement. 


Key Operating Sequence — Program execution and circuit opera- 


Status — 3 (under range log mode) 1 : ee hae 
tion previously verified except as indicated below: 


Range — 4 
Mode — 01 (dB REL) or A (printer) 

Sign — 1 or 0 (+ or —) 

Data — Same as front-panel Digital Readout 
Exponent — 02 


a. Mode select gates provide dB (REL) output. 


b. LCKM instruction is generated at address 017g of Remote 
Initialize Subroutine and dB (REL) output of mode select 
gate is loaded into mode register. 


Description — This test verifies that the Power Meter is capable 
of remote dB [REF] trigger immediate operation. 


Program Power Meter for remote operation, 
dB [REF] mode, range 4, trigger immedi- 
ate. Check that the Power Meter outputs 
the following data: 


Key Operating Sequence — Program execution and circuit opera- 


Status — 3 (under range log mode) tion previously verified except as indicated below. 


Range — 4 a. Mode select gates provide dB [REF] mode output. 
a mea [REF] mode) or V b. The following display is observed with the logic analyzer con- 
printer 


nected normally (refer to troubleshooting example) and set up 
for single sweep, TRIGGER WORD 012. (Remote Initialize 
Subroutine address). 


Data — same as front-panel Digital Readout 
Exponent — 02 


10 2001s 010% 1 
LOsmeOO T0115 = 2 
00 001 100 3 
00 001 101 4 
01 000 O01 5 
01 000 010 6 
O1°7000:-011 27 
01 000 O11 8 
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Table 7-6. BCD Interface Option 024 Checkout (5 of 6) 


Instrument Setup and Test Procedure Test Description and Key Operating Sequence 


11 
(cont) 
12 


Program Power Meter for remote operation, 


c. The dB [REF] mode output of the mode select gates is loaded 
into the mode select register at address 102. of the Remote 
Initialize Subroutine. 


d. The operating program branches from the Remote Initialize 
Subroutine to the Measurement Subroutine. 


Description — This step verifies that the Power Meter is capable 
of remote, dB (REL) mode, trigger immediate operation. 


dB (REL) mode, range 4, trigger immedi- 
ate. Check that the Power Meter outputs 
the following data: 


Key Operating Sequence — Program execution and circuit opera- 
tion previously verified except as indicated below: 


Status — 3 (under range log) 

Range — 4 

Mode — 01 (dB REL) or A (printer) 

Data — same as front-panel Digital Readout 
Exponent — 02 


a. The following display is observed with the logic analyzer con- 
nected normally (refer to troubleshooting example) and set 
up for single sweep, TRIGGER WORD 012, (Remote Initialize 
Subroutine address): 


10 001 010 1 11 S000.2001 = 5 
Oa OO Ley O1 lem 01 000 011 6 
00 001 100 3 OL 000011 7 
00 001 101 4 8 


. The dB (REL) output of the mode select gates is loaded into 
the mode select register at address 101g of the Remote 
Initialize Subroutine. 


Description — This step verifies that the Power Meter is capable 
of remote, Watt mode, trigger immediate operation. 


Program the Power Meter for remote opera- 
tion, Watt mode, range 4, trigger immedi- 
ate. Check that the Power Meter outputs 
the following data: 


Key Operating Sequence — Program execution and circuit opera- 


Status — 1 (under range, Watt mode) tion previously verified except as indicated below: 


Range — 4 
Mode — 02 (Watt) or {2 (printer) 

Data — same as front-panel Digital Readout 
Exponent — 02 


a. The following display is observed with the logic analyzer con- 
nected normally (refer to troubleshooting example) and set 
up for single sweep, TRIGGER WORD 012 (Remote Initialize 
Subroutine address): 


10 001 010 1 01 000 001 5 


LOW Le0 Biv 11 000 010 6 
00 001 100 3 01 000 100 7 
00 001 101 4 01 000 100 8 


. The watts output of the mode select gates is loaded into the 
mode select register at address 102. of the Remote Initialize 
Subroutine. 
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Table 7-6. BCD Interface Option 024 Checkout (6 of 6) 


Instrument Setup and Test Procedure Test Description and Key Operating Sequence 


Program Power Meter for remote operation, Description — This step verifies that the operating program is 
Watt mode, auto range, trigger immediate. capable of cycling through the Delay Subroutine remote fast 

Check that the Power Meter outputs the branch. 
following data: 


Key Operating Sequence — Program execution and circuit opera- 
tion previously verified except for Delay Subroutine address 
branching. With the logic analyzer connected normally and set up 
for single sweep, TRIGGER WORD 006g, the following display 
should be observed: 


Status — 0 (in range) 

Range — 1 

Mode — 2 (Watt) or {2 (printer) 

Data — same as front-panel Digital Readout 
Exponent — 08 


00 000 110 1 00; 10L hor ees 
Os 020-000: +2 60>: LOLLY Ths 
NOTE 


Address 0123, Q=0 of Remote 
Initialize Subroutine not pre- 
viously verified. 


Program Power Meter for remote operation, 
dBm mode, range 1, trigger immediate. 
Then provide auto zero enable input and 
trigger second measurement. Check that 
the front-panel ZERO lamp remains lit 

for approximately 4 seconds and that 

the Power Meter outputs the following 

data after the second trigger is sent 


Description — This step verifies that the Power Meter is configured 
to the Watt mode when remote auto zero operation is selected. 


Key Operating Sequence — Program execution and circuit opera- 
tion previously verified except for YM3 output of mode select 
gates 


Status — 4 (Auto zeroing, in range) 

Range — 1 

Mode — 2 (Watt) or {2 (printer) 

Data — same as front-panel Digital Readout 
Exponent — 08 


Program Power Meter for remote, free-run, 
Watt mode, auto range operation. Then 
set up range calibrator to provide 1-milli- 
watt output. Adjust Power Meter CAL 
ADJ control to obtain 1.000 mW indica- 
tion on front-panel Digital Readout, set 
CAL FACTOR % switch to 85 and pro- 
gram CAL FACTOR % switch to on, 

then off. Check that indication on front- 
panel Digital Readout changes from 

1.000 mW to 1.176 + 0.002 mW when 
CAL FACTOR % switch is enabled. 


Description — This step verifies that the CAL FACTOR % switch 
can be enabled and disabled remotely. 


Key Operating Sequence — Program execution and circuit opera- 
tion previously verified except for cal factor enable output of 
mode select gates. 


Leave range calibrator set up as speci- 
fied for the previous step and program 
Power Meter for remote, Watt mode, 
range 2, trigger with settling time oper- 
ation. Check that the front-panel 
OVER RANGE indicator lights and 
that the Power Meter outputs status 
code 2 (over range). 


Description — This step verifies that the Power Meter provides 
the correct status output for an over range condition. 


Key Operating Sequence — Program execution and circuit opera- 
tion previously verified except for over/under range decoder 
operation. Refer to Service Sheet 3. 
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In the first paragraph under Block Diagram Circuit Descriptions (Service Sheet 1) after (Option 022) 
add ‘‘or a BCD Interface (Option 024),”’. 


Replace the first three pages of Table 8-6 with Table 7-7. 
Table 7-7. Operating Program Descriptions (1 of 3) 


il 


Power Up Blank Display (LSOR; Address 001, 
UNDER RANGE or OVER 
RANGE indicator will light 
depending on whether 
under/over range decoder 
powers up in set or reset 
mode). 


Block Diagram Description 


Service 


Display Assembly 


Troubleshooting 
Refer to 


Table 8-3, Step 1 


Program and Re- 
mote Interface Cir- 
cuit Initialization. 


. Count to range counter | Address 034 Table 8-3, Step 1 Range Counter 
down to range 0(LCRD) 


b. Clear main counter and 
set sign positive (LCLR) 
c. Load contents of main 


counter (0000) into ref- 
erence register to clear 


Table 8-3, Step 1 Main Counter 


Table 8-3, Step 1 Reference Register 


register (LLRE) 

d. Display blanked count Table 8-3, Step 1 Display Assembly 
and sign (0_._ _) 
(LTC) 


Note: — indicates 
blanked digit 


. Auto zero A-D con- 
verter for 8000 counts 
(LAZ, LCNT) 


Address 0352 Table 8-3, Step 1 A-D Converter, 


Auto-Zero Function 


A-D Converter 
Auto-Zeroing 
N/A (Circuit Oper- 
tion covered under 
Digital Integrated 


. Count range counter 
down to range 7 (LCRD) 


Address 035¢ Table 8-3, Step 1 


a. Count range counter Local/Remote Table 8-3, Step 1 Circuits and 
down to range 5 (LCRD)| Branch Subroutine Symbols) 
Address 026. 


. Load mode select input 
into mode register 
(LCKM) 


Local/Remote 
Branch Subroutine 
Address 026, 


Table 8-3, Step 1 Mode Selection 


. Local initialize 
subroutine, ad- 
dress 052 for 
local operation. 


b. Address 042 for 
remote operation 


Check whether local or re- 
mote operation is selected 
(Remote, 037g) 


Table 8-3, Step 1 Program Execution 


Remote Enable 


Table 8-4, Error 
#3 (HP-IB Opt.) 
Table 8-5,Step 6 
(BCD Option) 


General Description 
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Table 7-7. Operating Program Descriptions (2 of 3) 


Block Diagram Description 


ely 


Program Execution 


Troubleshooting 


Sub-Routine |Address Refer To 


Function Branch To 


Local/ Check whether free run or a. Branch to Remote Table 8-4, Error 


Remote triggered operation is selected] Initialize sub- #3 (HP-IB 
Branch (HOLD, 036g; associated routine, Address Option) Measurement Rate 
(cont’d) with BCD Interface Option 012 for free run Programming Com- 


024 only) or if trigger is re- mand Processing 
ceived to initiate 


program cycle 


Measurement Rate 
Programming, Re- 
mote Qualifier/ 
Program Interface 
and Talk Cycle 
A-D Converter 
Auto-Zero 
Function 


Table 8-5,Step 
3 (BCD Option) 


b. 043 if trigger not 
received 


Address 026 Table 8-4, Error 
#3, (HP-IB 
Option) 

Table 8-5, Step 
3 (BCD Option) 


‘Remote Address 013 


Initialize 


. Hold range selected in 
previous program cycle 


Table 8-4, Error 
#3 (HP-IB Opt.) 


Range Selection 
Range Programming 


if autoranging selected Table 8-5, Step Command 
(Blank Instruction) 14 (BCD Option) Processing 
Range Programming 
. Load remote range select | Address 013 Table 8-4, Error Commands 


#4 and 4.5 

(HP-IB Option) 
Table 8-5, Step 
3 (BCD Option) 


inputs into range counter 
if autoranging not 
selected (LLRA) 


. Count range counter down| Address 015 Not verified 
to range 5 if range 6 or 7 


selected (LCRD) 


Range Selection 
Range Programming 
Processing 

Range Programming 
Commands 

N/A (Circuit Opera- 
tion covered under 


Digital Integrated 
Circuits & Symbols) 


. Clear main counter Address 015 


(LCLR) 


Table 8-4, Error 
#4,4.5& 12 

(HP-IB Option) 
Table 8-5,Steps 


3 & 6 (BCD 
Option) 


. Check whether delayed 
or immediate measure- 
ment enabled (FAST, 
035g) 


Address 016 for 
delayed measure- 
ment 


Table 8-4, Error 
#3 (HP-IB 
Option) 

Table 8-5, Step 
3, (BCD Option) 
Table 8-4, Error 
#33 (HP-IB 
Option) 

Table 8-5, Step 
11 (BCD Option) 


Program Execution 
Measurement Rate 
Programming Com- 
mand Processing 


Address 101 for im- 
mediate measure- 
ment 


Measurement Rate 
Programming, Re- 
mote Qualifier/ 
Program Interface 
and Talk Cycle 
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Model 436A Manual Changes 


CHANGE S (cont'd) 


Table 7-7. Operating Program Descriptions (3 of 3) 


Block Diagram Description 


Service Title 
Sheet 


Troubleshooting 


Sub-Routine |Address Refer To 


Function Branch To 


. Determine Range (YR1, 
YR2, YR3) 


. Load mode select inputs 
into mode register 


. Determine mode selected 


for previous program 
cycle 


. Load mode select inputs 
into mode register to se- 
lect mode for current 
program cycle (LCKM) 


. Auto-zero A-D conver- 
ter for 1000 counts 
(LAZ, LCNT) 

. Clear main counter 
(LCLR) 


. Auto-zero A-D converter 


for 1000 counts (LAZ, 
LCNT) 

. Clear main counter 
(LCLR) 


Local 
Initialize 


. Count range counter 
down to range 5 if range 
0, 6, or 7 is selected 
(LCRD) 

. Load mode select inputs 
into mode register 


Auto-Zero subrou- 
tine, Address 056, 
for range 3,4,or 5 


Delay subroutine, 
Address 036, for 
range 1 or 2 


Address 104 if 
Watts mode was 
selected for pre- 


vious program cycle 


Address 108 if 


Table 8-4, Error 
#11 and 12 

(HP-IB Option) 
Table 8-5, Steps 


Table 8-4, Errors 
#4,4.5 and 5 
(HP-IB Option) 
Table 8-5, Steps 
3 and 4 (BCD 
Option) 


Table 8-4, Error 
#36 (HP-IB 


(BCD Option) 
Table 8-4, Errors 


Watts mode was not} #3 and 33 (HP- 


selected for pre- 
vious program 
cycle 


Address 104 


Measurement Sub- 
routine Address 061 


Auto-Zero Sub- 
routine, 
Address 056 


IB Option) 
Table 8-5, Steps 
11 and 12 (BCD 
Option) 


Table 8-4 Error 
#33 (HP-IB 
Option) 

Table 8-5, Step 11 
(BCD Option) 


Table 8-4, Error 
#33 (HP-IB 
Option) 

Table 8-5, Step 11 


(BCD Option) 


Table 8-3, Step 1 
(range 5 branch) 
Step 14 (range 3 
branch) 

Step 19 (range 1 
branch) 

Step 24 (mode 
register loaded) 


Range Selection, 


Mode Selection 


Mode Selection 


A-D Converter 
Auto-Zero 
Function 


A-D Converter 
Auto-Zero 
Function 


Range Selection, 
Mode Selection 
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Manual Changes 


CHANGE S (cont'd) 


After paragraph 8-154 add the following text: 


Model 436A 


CIRCUIT DESCRIPTIONS 


8-155. SERVICE SHEET 5 


8-156. General. The BCD Interface Circuits 
(Option 024) add remote programming and digital 
output capability to the Power Meter. As stated 
previously, the programming outputs of these 
circuits are applied to the Controller in a ““WIRED 
OR” configuration with the outputs of the front- 
panel switches. Thus, local or remote operation of 
the Power Meter is selected by the Remote Enable 
input to the BCD Interface Circuits. When the 
Remote Enable input is false (low), it enables the 
Range Select Gates, the Mode Select Gates, and the 


Remote Qualifier Multiplexer, and sets the LREM 
output low to disable the front-panel switches. 
Thus, the programming inputs to the BCD Inter- 
face Circuits are enabled to select the desired type 
of Power Meter operation. When the Remote 
Enable input is true (high), the Range Select 
Gates, the Mode Select Gates, and the Remote 
Qualifier Multiplexer are disabled and the LREM 
output is set high to enable the front-panel 
switches to select the desired type of Power Meter 
operation. 


8- 157. Output Data. The outputs of the Line 
Latches and Buffers are applied to the controller 
via the rear panel BCD Remote Interface Con- 
nector (J7). The Latches store the Sign and 
Measured Value and the Buffers pass Range, 
Status, Exponent and Mode Information. When 
the Power Meter’s operating program executes 
the Display and Remote Talk subroutine an 
LSDAV instruction clocks new data into the 
Latches and informs the controller (by making 
the Print line Low) that valid information is on 
the output lines. 


8-158. Range Programming Commands. The 
Range Select Gates continually buffer the Range 
Bit 1, 2, and 3 inputs to provide YRR1, YRR2, 
and YRR3 outputs to the Controller. As stated 
previously, these outputs are only loaded into the 
Range Counter at the start of each program cycle 
when remote operation is enabled (LREM output 
low) and auto-ranging is not selected (NAUTO 
output high). 


8-159. The Auto Range output of the Range 
Select Gates is generated by decoding the Range 
Bit 2 and 3 inputs. When both of these inputs are 
high (range 6 or 7) and the Remote Enable input is 
low, a gate is enabled to set the NAUTO output to 
the Controller low. When remote operation is not 
selected, the high Remote Enable input holds the 
NAUTO output at a high level to enable “WIRED 
OR” selection of this function via the front-panel 
RANGE HOLD switch. 


8-160. The remaining output of the Range Select 
Gates is the LPU signal. This output is set false 
(low) to hold the operating program at starting 
address 000g when the Range Bit inputs are all low 
(range 0) and remote operation is selected by a low 
Remote Enable input. 


8-161. Mode Programming Commands. The Mode 
Select Gates buffer the Mode, Cal Factor Disable, 
and Sensor Zero programming inputs and gate 
these inputs with the Remote Enable input. When 
the Remote Enable input is low, the gates are 
enabled and the programming inputs are routed to 
the Controller to control Power Meter operation as 
described on Service Sheets 2 and 3, Block Dia- 
gram Description. When the Remote Enable input 
is high, the outputs of the gates are reset high to 
enable “WIRED OR” selection of these functions 
via the front-panel switches. 


NOTE 


A jumper option is provided to enable the 
Sensor Zero function to be programmed 
independently of the Remote Enable 
input (refer to Table 2-1). Thus, when the 
optional jumper connection is employed 
and the Power Meter is configured for 
local operation, the Sensor Zero function 
can be selected either by the remote 
programming input of the front-panel 
SENSOR ZERO switch. 


8-162. Measurement Rate Programming, Remote 
Qualifier/Program Interface, and Talk Cycle. In 
order to understand how the Measurement Rate 
Programming Commands are processed to enable 
free-run, triggered, or hold operation of the Power 
Meter, it is necessary to refer to Figure 8-15, Sheet 


—____—_—_———————————— ee eeeseseSeeSSSSSS 
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Model 436A 


CHANGE S (cont'd) 


Manual Changes 


CIRCUIT DESCRIPTIONS 


Neen ie ee een nn nee ee ene eo, 


Service Sheet 5 (cont'd) 


14, of the Operating Program Flow Chart. On this 
figure it is shown that various remote qualifiers are 
processed to control branching of the operating 
program and that each of the qualifiers is identified 
by a 3X code with the X representing a digit from 
1 to 7. To access a remote qualifier, the operating 
program encodes the particular digit associated 
with the qualifier into the HIA, HIB, and HIC 
inputs to the Remote Qualifier Multiplexer, there- 
by causing the Multiplexer to route the qualifier to 
the Controller. As shown on Service Sheet 5 Block 
Diagram, all but the Rate, DACQ and LREM 
qualifier inputs to the Remote Qualifier Multi- 
plexer are hardwired to preselect the majority of 
the operating program branching decisions. Thus, 
when the BCD Interface Circuit option is installed, 
the operating program will always branch to 
address 045g after entering the Display and 
Remote Talk Subroutine. The state of the DACQ 
qualifier will then determine further branching. 


8-163. The DACQ qualifier output of the Measure- 
ment Control Circuit is controlled by the Print 
signal described previously under Output Data. 
When the Print signal is high, it holds the DACQ 
qualifier high; when the Print signal is low, the 
DACQ qualifier is controlled by the Inhibit and 
Trigger inputs. Since the Print signal is set high by 
the HLLD instruction generated at the start of 
each program cycle, the operating program will 
always branch from address 045g to address 0468 
each time that it subsequently enters the Display 
and Remote Talk Subroutine. The resulting 
LSDAV instruction will then set the Print output 


low, allowing the DACQ qualifier to be controlled 
by the Inhibit and Trigger inputs as described in 
the following paragraphs. 


a. When the Inhibit input to the Measure- 
ment Control Circuit is programmed high to select 
free-run operation, a gate is enabled by the low 
Print signal and a low DACQ output is provided to 
the Remote Qualifier Multiplexer. Thus, the opera- 
ting program is enabled to continue to the Local/ 
Remote Branch Subroutine to initiate the next 
program cycle. If remote operation is selected 
(LREM qualifier low), the rate programming input 
is then accessed by the operating program in the 
Remote Initialize Subroutine to enable an 
immediate (Rate-high) or delayed measurement 
(Rate-low). 


b. When the Inhibit input to the Measure- 


~ ment Control Circuit is programmed low to pre- 


vent free-run operation, the output of a flip-flop is 
gated with the Print signal to control the state of 
the DACQ qualifier (see Service Sheet 13). This 
flip-flop is held reset during each program cycle 
while the Print signal is high, thereby causing the 
DACQ qualifier to be held high. When the Print 
signal is set low by the LSDAV instruction, the 
flip-flop is allowed to respond to the Trigger input. 
Until a negative-going trigger is applied to the 
Power Meter a hold loop (address 110g and 106g) 
is enabled by the high DACQ qualifier. After a 
Trigger input is received, the set output of the 
flip-flop and the low Print signal cause the DACQ 
qualifier to go low, thereby enabling the operating 
program to continue as previously described. 
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Manual Changes 


CHANGE S (cont'd) 


Service Sheet 1: 
Replace the portion of Service Sheet 1 with Figure 7-18. 


TRUE RANGE EXPONENT 
RANGE SELECT (STATUS) 
DATA 


SIGN AND MAIN COUNTER OUTPUT 


MODE BIT 2STATUS 


MODE BIT 1 STATUS 


PRINT 


| DATA 


DATA TRANSFER 
G ortion 022) i CONTROL 
5 (orton 024) 


REMOTE 

INTERFACE 

CIRCUITS 
HEWLETT-PACKARD 

tae 
(OPTION 022) 
| _remore nance sevecr | “vormion 20)” 
REMOTE RANGE SELECT (OPTION 024) 


MASTER RESET (LPU} 
REMOTE QUALIFIER SELECT 
REMOTE QUALIFIER 


AUTO RANGE QUALIFIER 


3 MODE SELECT 


PUSHBUTTON 
SWITCH 
ASSY 3 


REF OSC 
—15V 


POWER 1 mW, 


REFERENCE 50 MHz POWER REF 
OSCILLATOR OUTPUT 


14 


Figure 7-18. P/O Overall Block Diagram (P/O Change S) 
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TO/FROM 
BCD INTERFACE 
(OPTION 024) 


TO/FROM 
HEWLETT-PACKARD 
INTERFACE BUS 
(OPTION 022) 


Model 436A 


Model 436A 


CHANGE S$ oe 


Service Sheet 5: 
Add Service Shee 


BCD Interface (Option 024) Circuit Block Diagram 
(A6, A7) 
@ SERVICE SHEET 5 


Manual Changes Model 436A 


CHANGE S (cont'd) 


Service Sheet 1: 
Replace the portion of Service Sheet 1 with Figure 7-18. 


TRUE RANGE EXPONENT 
RANGE SELECT (STATUS) 


TO/FROM 
BCD INTERFACE 
PRINT (OPTION 024) 


SIGN AND MAIN COUNTER OUTPUT 


MODE BIT 2STATUS 


MODE BIT 1 STATUS 


REMOTE 


INTERFACE 

OVER/UNDER RANGE STATUS CIRCUITS 
HEWLETT-PACKARD 

INTEREACE 


(OPTION 022) 
BCD INTERFACE 
(OPTION 024) 


@ (option 022) ea 


CONTROL INTERFACE BUS 
& (option 024) 


TO/FROM 
DATA TRANSFER HEWLETT-PACKARD 
(OPTION 022) 


AUTO RANGE QUALIFIER 


MODE SELECT 


PUSHBUTTON 
SWITCH 
ASSY 3 


POWER 
REFERENCE 
OSCILLATOR 


14 


1 mW, 


POWER REF 
OUTPUT 


Figure 7-18. P/O Overall Block Diagram (P/O Change S) 
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Manual Changes Model 436A 


CHANGE S (cont'd) 


Service Sheet 1: @ @ 


Replace the portion of Service Sheet 1 with Figure 7-18. 


TRUE RANGE EXPONENT 
RANGE SELECT (STATUS) 


Beco INTERFACE 
SIGN AND MAIN COUNTER OUTPUT (OPTION 024) 


MODE BIT 2STATUS 


MODE BIT 1 STATUS 


OVER/UNDER RANGE STATUS 
SENSOR AUTO-ZERO STATUS 


REMOTE 
INTERFACE 
CIRCUITS 


INTERFACE 


BUS 
(OPTION 022 
BCD INTERFACE 
REMOTE RANGE SELECT (OPTION 024) 


MASTER RESET (LPU) 
REMOTE QUALIFIER SELECT 
REMOTE QUALIFIER 


INTERFACE BUS 
eet {OPTION 022) 


TO/FROM 
DATA TRANSFER HEWLETT-PACKARD 


5 (ortion 024) 


AUTO RANGE QUALIFIER 


MODE SELECT 


PUSHBUTTON 
SWITCH 
ASSY 


POWER 
REFERENCE 
OSCILLATOR 


Figure 7-18. P/O Overall Block Diagram (P/O Change S) 
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Model 436A 


CHANGE S (cont'd) 


Service Sheet 5: 
Add Service Sheet 5 using Figure 7-19. 


DATA FROM 
BCD INTERFACE 


2,3,4 


AG BCD Interface Control Assembly (Option 024) 


Tt 


109D 
10'B 
1o!c 
une 10/0 
LATCHES | 102A 
1028 
102¢ 
102D 


SIGN AND MAIN COUNTER OUTPUT 


| 


MEASURED VALUE AND SIGN 


RANGE SELECT RELATIVE RANGE 


MODE BIT 1 (NM1) 


MODE BIT 2 (NM2) 
SENSOR AUTO-ZERO STATUS (YM3) 


SENSOR AUTO-ZERO STATUS 


LINE 
BUFFERS 


TRUE-RANGE EXPONENT 


TRUE RANGE EXPONENT 


RANGE SELECT REMOTE RANGE SELECT 
| 3 
MASTER RESET (LPU) 
REMOTE ENABLE 1YM1 
{ 1YM2 
! 
NZR 
! MODE SELECT MODE 
1 SELECT 
GATES 
CAL FACTOR DISABLE 


| | SENSOR AUTO-ZERO ENABLE 


REMOTE ENABLE 
MEASUREMENT RATE SELECT 
INHIBIT 


REMOTE 
QUALIFIER 


1/0 TRANSFER CONTROL 


REMOTE QUALIFIER SELECT 


MODE SELECT 


REMOTE ENABLE (LREM) 


' 

i) 

‘ 

! 

i] 

! 

! 

! 

' 

! 

' 

ew SE ed vicrorvade S| 
; 

CAL FACTOR DISABLE 1 
62,4 | 
t 

' 

f 

; 

} 

! 

! 

i] 

| 

1 

1 


AUTO RANGE QUALIFIER (N AUTO) T 1 


REMOTE QUALIFIER (YRMT) S 3,4 


Manual Changes 


Backdating information is 
found in Section VII. 


1 P/O A7 BCD Interface 
} Input/Output Assembly 
(Option 024) 


aes OVER/UNDER RANGE STATUS 
ETE I i 


DATA TO BCD 
INTERFACE 


PRINT 


pemgesiets| | ___13)/ A6,A7 


Figure 7-19. BCD Interface (Option 024) Circuit Block Diagram 
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Manual Changes 


CHANGE S (cont'd) 


Service Sheet 6: 


Under NOTES (right side of Service Sheet), item 2, add “024” next to 022. 


Service Sheet 7: 


Replace the NOTES (right side of Service Sheet) with the following: 


iG 


NOTES 
Unless otherwise indicated: 
Resistance in ohms; 
Capacitance in picofarads. 


. Asterisk (*) indicates selected 


component, average values shown. 


. W9 (Option 003); 


W5 and W9 connected in parallel 
(Option 002 and 003). 


. For voltages and waveforms shown, 


controls are set as follows: 


BANGE’s.; cee Oy 
CAL FACTOR% . 100 
POWER REF . . ON 


Connect POWER SENSOR to 
POWER REF OUTPUT. 


. Components of the J1 and J6 


assemblies are not separately 
replaceable. 


Add ‘(NOTE 3)” under W5 and W9 (left side of Service Sheet). 


Change the Note 3 to “‘Note 4” at the waveforms (right side of Service Sheet). 


Service Sheet 8: 


Replace the NOTES (right side of Service Sheet) with the following: 


ow 
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NOTES 


. Unless otherwise indicated: 


Resistance in ohms; 
Capacitance in picofarads. 


. Standard connection shown for R69, 


optional connection is between 
XA3-33 and A3U5-1. 


. Pins 1 and 5 cut off. 
. WY (Option 003), 


W5, W9 connected in parallel 
(Option 002 and 003). 


. For voltages and waveforms shown, 


controls are set as follows: 


RANGES: Gece) se ebae, Gamny 
CALFACTOR% . . 100 
POWER REE sos ON 


Connect POWER SENSOR to 
POWER REF OUTPUT. 


Model 486A 


Model 436A 


CHANGE S (cont'd) 
Add “(Note 4)” abot 
Change (NOTE 4) to 


Service Sheet 13: | 
Add Service Sheet 1: 


CIRCUIT 
SIDE SI : 


wT 


5028 


Figure 7-20. 


BCD Interface Control (Option 024) Assembly (A6, A7) 
é SERVICE SHEET 13 


BCD Interface (Option 024) Circuit Block Diagram 
(A6, A7) 
@ SERVICE SHEET 5 


Manual Changes 


CHANGE S (cont'd) 


Service Sheet 6: 


Under NOTES (right side of Service Sheet), item 2, add “024” next to 022. 


Service Sheet 7: 


Replace the NOTES (right side of Service Sheet) with the following: 


Add “(NOTE 8)” under W5 and W9 (left side of Service Sheet). 
Change the Note 3 to “‘Note 4” at the waveforms (right side of Service Sheet). 


Service Sheet 8: 


Replace the NOTES (right side of Service Sheet) with the following: 
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w 


NOTES 


. Unless otherwise indicated: 


Resistance in ohms; 
Capacitance in picofarads. 


. Asterisk (*) indicates selected 


component, average values shown. 


. WS (Option 003); 


W5 and W9 connected in parallel 
(Option 002 and 003). 


. For voltages and waveforms shown, 


controls are set as follows: 


RANGE... . 1mW 
CALFACTOR% . 100 
POWERREF . . ON 


Connect POWER SENSOR to 
POWER REF OUTPUT. 


. Components of the J1 and J6é 


assemblies are not separately 
replaceable. 


NOTES 


. Unless otherwise indicated: 


Resistance in ohms; 
Capacitance in picofarads. 


. Standard connection shown for R69, 


optional connection is between 
XA3-33 and A3U5-1. 


. Pins 1 and 5 cut off. 
. W9 (Option 003), 


W5, W9 connected in parallel 
(Option 002 and 003). 


. For voltages and waveforms shown, 


controls are set as follows: 


Ree) Sig Se Se ay 

CALFACTOR% . . 100 

POWERIRE SeenON 
Connect POWER SENSOR to 


POWER REF OUTPUT. 


Model 436A 


Model 436A 


CHANGE S (cont'd) 


Add ‘“‘(Note 4)”’ above P/O W5/W9 at the bottom of the Cal Factor Switch Assembly. 
Change (NOTE 4) to “(NOTE 5)” at the waveforms (right side of Service Sheet). 


Service Sheet 13: 
Add Service Sheet 13 using Figure 7-20 and 7-21. 
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Figure 7-20. AG BCD Interface Control (Option 024) Assembly Component and Test Point Locations 


Manual Changes 


connection allows sensor auto zero 


F—— 7 P/O A7BCD Interface Input/ ’ o7 = = 
OPT 024 | a a Option 024 cake Spi G24 (08436: G00S 7) leet Ee CRS Orc Sees PO R10 Mother Boerd Assembly P/O AT se Sai -- - a5 porn ee NOTES 
== Pray a a OPT 024 — [ ie 
zt cae ce  -— [oF Ge} - wo] [7D cir 
7 1Xa7_10K XAG ! XA6 12 as of Capacitance in picofarads. 
RANGE ‘ , . i 13 11 H 1 RANGE 
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function to be selected remotely 
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Interface 
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INTERFACE 10 
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INTEGRATED CIRCUIT 
VOLTAGE AND 
GROUND CONNECTIONS 
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Remote 
Interface 
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Reference designations within outline (— — ——) assem- 
blies are abbreviated. Full desgination includes Assembly 
Number; e.g., R1 of Assembly Al is A1R1. Designations of 
other components are complete as shown. 
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BCD Interface Control Circuits Option 024, 4364:1713A 
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Figure 7-21. BCD Interface Control (Option 024) Assembly Schematic Diagram 
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Manual Changes 


CHANGE S (cont'd) | icone 


Service Sheet 15: eat ae 
Replace the component locator photograph with Figure 7 -22. : 


A9 ASSEMBLY 
LY LY YY 


Figure 7-22. A9 Power Supply Rectifier and Regulator Assembly Component and Test Point Locations (P 
7-58 : oe 


Model 436A Manual Changes 


CHANGE S (cont'd) 


Replace the A9 portion of the schematic with Figure 7-23. 


AS Power Supply Rectifier and Regulator Assy 


CR3 
CR5 
| 
CRI 
) 
12 
| cR2 
8 


t8V 


Power Supply Rectifier and Regulator Circuit 436A 


Figure 7-23. P/O Power Supply Rectifier and Regulator Assembly Schematic Diagram (P/O Change S) 


At the top of Figure 8-49 add ‘‘or 024” next to Opt 022. 
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Manual Changes Model 436A 


CHANGE S (cont'd) 


Service Sheet 15: 
Replace the component locator photograph with Figure 7-22. 
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CHANGE §S (cont'd) 


6 Replace the AQ portion of the schematic with Figure 7-23. 
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SECTION VIII 
SERVICE 


8-1. INTRODUCTION 


8-2. This section provides principles of operation, 
troubleshooting procedures, and general service 
information for the Power Meter. The specific 
content and arrangement of this section is outlined 
below. 


a. Safety Considerations: Provides general 
safety precautions that should be observed when 
working on the Power Meter. 


b. Recommended Test Equipment: Defines 
the test equipment and accessories required to 
maintain the Power Meter. 


c. Service Aids: Provides general information 
useful in servicing the Power Meter. 


d. Repair: Provides general information for 
replacing factory selected components and instru- 
ment disassembly procedures. 


e. Basic Circuit Descriptions: Describes the 
functional operation of linear and digital integrated 
circuits used in the Power Meter. 


f. Troubleshooting: Provides step-by-step 
procedures for checkout and troubleshooting of a 
standard instrument, and a verification program 
for checkout and troubleshooting of an HP-IB 
equipped instrument. (Additional circuit trouble- 
shooting data is provided as required on the 
individual service sheets located at the end of 
the section.) 


g. Principles of Operation: Principles of 
operation are provided on two levels in this 
section. The first level is a block diagram descrip- 
tion which covers the overall operation of the 
Power Meter in detail and is located at the end of 
the section just before the service sheets. The 
second level consists of detailed circuit theory 
descriptions which are provided as required on the 
individual service sheets with the appropriate 
schematics. 


h. Service Sheets: Foldout service sheets are 
provided at the end of the section. Service Sheet 1 
is an overall block diagram which illustrates major 


signal flow and circuit dependency and is keyed, 
by the numbers in the lower, right-hand corners of 
the individual blocks on the diagram, to the 
detailed block diagrams. The detailed block dia- 
grams provide an assembly-by-assembly description 
of instrument operation and are keyed to the 
service sheets containing schematics which follow 
them. 


NOTE 


Figure 8-1, Schematic Diagram Notes, 
explains any unusual symbols that appear 
on the schematics and the switch-wafer 
numbering system. 


8-3. SAFETY CONSIDERATIONS 


8-4. Although this instrument has been designed in 
accordance with international safety standards, this 
manual contains information, cautions, and 
warnings which must be followed to ensure safe 
operation and to retain the instrument in safe 
condition (see Sections II, III, and V). Service and 
adjustments should be performed only by qualified 
service personnel. 


WARNING 


Any interruption of the _ protective 
(grounding) conductor (inside or outside 
the instrument) or disconnection of the 
protective earth terminal is likely to make 
the instrument dangerous. Intentional 
interruption is prohibited. 


8-5. Any adjustment, maintenance, and repair of 
the opened instrument under voltage should be 
avoided as much as possible and, when inevitable, 
should be carried out only by a skilled person who 
is aware of the hazard involved. 


8-6. Capacitors inside the instrument may still be 
charged even if the instrument has been dis- 
connected from its source of supply. 


8-7. Make sure that only fuses with the required 
rated current and of the specified type (normal 
blow, time delay, etc.) are used for replacement. 
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SCHEMATIC DIAGRAM NOTES 


Resistance in ohms, capacitance in picofarads, inductance in millihenries unless other- 
wise noted. 


Asterisk denotes a factory-selected value. Value shown is typical. Part may be omitted. 
Tool-aided adjustment. @ Manual control. 

Encloses front-panel designation. 

Encloses rear-panel designation. 

Circuit assembly borderline. 

Other assembly borderline. Also used to indicate mechanical interconnection (ganging). 
Heavy line with arrows indicates path and direction of main signal. 

Heavy dashed line with arrows indicates path and direction of main feedback. 


Wiper moves toward CW with clockwise rotation of control (as viewed from shaft or 
knob). 


No measurement aid 
provided. 


Measurement aid 
provided. 


Numbered Test Point. wy Lettered Test Point. 


Encloses wire color code. Code used is the same as the resistor color code. First num- 
ber identifies the base color, second number identifies the wider stripe, third number 
identifies the narrower stripe. E.g., denotes white base, yellow wide stripe, 
violet narrow stripe. 


A direct conducting connection to the earth, or a conducting connection to a structure 
that has a similar function (e.g., the frame of an air, sea, or land vehicle). 


A conducting connection to a chassis or frame. 


Common connections. All like-designated points are connected. 


Letter = off-page connection. 
Number = Service Sheet number for off-page connection. 


Number (only) = on page connection. 


Figure 8-1. Schematic Diagram Notes (1 of 3) 
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SCHEMATIC DIAGRAM NOTES 


Indicates multiple paths represented by only one line. Letters or names identify individual 
paths. Numbers indicate number of paths represented by the line. 


Coaxial or shielded cable. 


Relay contact moves in direction of arrow when energized. 


(ON)\-O oO - o(0N)-O0 oO A 4 (0N) 


Indicates interlocked pushbutton switches with one momentary switch section. Only one 
switch section can be (ON) at a time. Depressing one switch section releases any other 
switch section. 


Indicates a pushbutton switch with a momentary (ON) position. 


SWITCH DESIGNATIONS 


EXAMPLE: A3S1AR(2-1/2) 


A381 


SWITCH S1 WITHIN 
ASSEMBLY A3 


1ST WAFER FROM 
FRONT (A=1ST, ETC) 


REAR OF WAFER 
(F=FRONT) 


TERMINAL LOCATION 
(2-1/2) (VIEWED FROM 
FRONT) 


Figure 8-1. Schematic Diagram Notes (2 of 3) 
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Test point symbols, Stars are numbered or lettered for easy correlation Interconnection information. 
of schematic diagrams, procedures, and locator illustrations. 


Circled letter indicates circuit 
Arrow connecting star to meas- Star shown connected to path continues on another 
urement point signifies no circuit signifies measuring aid schematic diagram. Look for 
measuring aid provided. (metal post, circuit pad, etc.) same circled letter on service 
provided. sheet indicated by adjacent 
bold number (3, in this 
example). 


Plug-in connection information. 
Socket designation for A2 assembly. 


Assembly part number 


Number indicates 
pin of socket (XA2). 


Assembly name 


Assembly designation 


x 


(nN ee 
A2 DC REGULATOR ASSY (08708-60007) 


J3 not mounted 
on assembly A2 
(or chassis). 


Stage name 


COMPLETE AS SHOWN 


Non-plug-in 
connection 
information. 
Solder point 
named. 


REFERENCE DESIGNATION 


Circuit board common 


Connector symbols within the 
borderlines of circuit assemb- 

lies signify connections to the 
assembly which are separate from 


NO PREFIX A2 ASSY 
those made through the integral 


A2 Cl 

J3 Ql 

XA2 R1 
plug part of the assembly. 


to chassis or frame. DELETED: 
Value selected for best operation. es 


Value shown is average or most 
commonly selected value. 
Asterisk indicates factory 
selected component. 


Dagger indicates 
correct change. See 
Section VII. 


Conducting connection 


Wire color code. Code used (MIL-STD-681) is the Reference designators deleted 
by circuit changes are listed 
here. 


same as the resistor color code. First number iden- Assembly reference designator(s). 


Large numbers in lower right 
corners of schematic diagrams 
are service sheet numbers. 
They are provided for con- 

List of all the reference desig- venience in tracing inter 
violet narrow stripe. nations on the diagram. connections. 


tifies the base color, second number the wider stripe, 


and the third number the narrower stripe. Example, 


947 denotes white base, yellow wide stripe, 


Figure 8-1. Schematic Diagram Notes (3 of 3) 
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Safety Considerations (cont'd) 
The use of repaired fuses and the short-circuiting 
of fuseholders must be avoided. 


8-8. Whenever it is likely that this protection has 
been impaired, the instrument must be made 
inoperative and be secured against any unintended 


operation. 
WARNING 


The service information is often used with 
power supplied and protective covers 
removed from the instrument. Energy 
available at many points may, if 
contacted, result in personal injury. 


8-9. RECOMMENDED TEST EQUIPMENT 


8-10. Test equipment and _ test equipment 
accessories required to maintain the Power Meter 
are listed in Table 1-2. Equipment other than that 
listed may be used if it meets the listed critical 
specifications. 


8-11. SERVICE AIDS 


8-12. Pozidriv Screwdrivers. Many screws in the 
instrument appear to be Phillips, but are not. To 
avoid damage to the screw slots, Pozidriv screw- 
drivers should be used. 


8-13. Blade Tuning Tools. For adjustment of the 
front panel CAL ADJ control a special tuning tool 
is provided (HP Part Number 8710-0630). In situa- 
tions not requiring non-metallic tuning tools, an 
ordinary small screwdriver or other suitable tool is 
sufficient. No matter what tool is used, never try 
to force any adjustment control in this instrument. 
This is especially critical when adjusting variable 
inductors or capacitors. 


8-14. Part Location Aids. The locations of some 
chassis-mounted parts and the major assemblies are 
shown on the last foldout in this manual. The 
locations of individual components mounted on 
printed circuit boards or other assemblies are 
shown on the appropriate schematic diagram page 
or on the page opposite it. The part reference 
designator is the assembly designator plus the part 
designator (for example, A2R9 is ROY on the A2 
assembly). For specific component description and 
ordering information refer to the parts list in 
Section VI. 
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8-15. Servicing Aids on Printed Circuit Boards. 
The servicing aids include test points, transistor 
and integrated circuit designations, adjustment 
callouts and assembly stock numbers. 


8-16. REPAIR 
8-17. Factory Selected Components 


8-18. Some component values are selected at the 
time of final checkout at the factory (see Table 
5-1). Usually these values are not extremely 
critical; they are selected to provide optimum 
compatibility with associated components. These 
components are identified on individual schematics 
by an asterisk (*). The recommended procedure 
for replacing a factory-selected part is as follows: 


a. Try the original value, then perform the 
calibration test specified for the circuit in the 
performance and adjustment sections of this 
manual. 


b. If calibration cannot be accomplished, try 
the typical value shown in the parts list and repeat 
the test. 


c. If the test results are still not satisfactory, 
substitute various values within the tolerances 
specified in Table 5-1 until the desired result is 
obtained. 


8-19. Disassembly and Reassembly Procedures 


1 WARNINGS 


Any adjustment, maintenance, and repair 
of the opened instrument under voltage 
should be avoided as much as possible 
and, if inevitable, should be carried out 
only by a skilled person who is aware of 
the hazard involved. 


Capacitors inside the instrument may still 
be charged even if the instrument has 
been disconnected from its source of 


supply. 


8-20. Before performing any of the following 
disassembly or reassembly procedures, the follow- 
ing steps must be performed. 


a. Set POWER ON-OFF switch to OFF 
position. 

b. Remove Line Power Cable (W8) from 
Line Power Module (A11). 
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Disassembly and Reassembly Procedures (cont'd) 
8-21. Top Cover Removal. To remove the top 
cover from the Power Meter follow the steps as 
listed below: 


a. Remove Pozidriv screw from rear edge of 
top cover. 


b. Slide top cover back until free from front 
frame and lift off. Reverse the procedure to replace 
the top cover. 


8-22. Bottom Cover Removal. To remove the 
bottom cover from the Power Meter follow the 
steps as listed below: 


a. Place Power Meter with bottom cover 
facing up. 


b. Remove four plastic feet from bottom 
cover. Lift up on back edge of plastic foot and 


A1A1 P/O W1P2 


P/O w2P2 Ee 


—aeeaeee 


A1A3S1 


Model 486A 


push back on front edge of plastic foot to free foot 
from bottom cover. 


Cc. Remove captive Pozidriv screw from rear 
edge of bottom cover. 


d. Slide bottom cover back until it clears 
rear frame. Reverse the procedure to replace the 
bottom cover. 

8-23. Front Panel Removal. To remove the front 
panel from the Power Meter follow the steps as 
listed below: 

a. Remove top and bottom covers. 


b. Remove side trim strips from front frame. 


c. Remove two Pozidriv screws from both 
sides of front frame. 


d. Carefully push front panel from behind to 
free it from the front frame (see Figure 8-2). 


P/O W4P2 OR W11P2 
(OPT 022) 


P/O W3P2 


A1A3R16 


Figure 8-2. Front Panel Removal 
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Disassembly and Reassembly Procedures (cont’d) 

e. Disconnect cables as necessary for access 
to front panel assemblies and components. Reverse 
the procedure to replace the front panel. 


8-24. BASIC CIRCUIT DESCRIPTIONS 
8-25. Linear Integrated Circuits 


8-26. Operational Amplifiers. Operational ampli- 
fiers are used to provide such functions as summing 
and offsetting voltages, as buffer amplifiers, 
detectors, and in power supplies. The particular 
function is determined by the external circuit 
connections. Equivalent circuit and functional 
diagrams for typical operational amplifiers are 
contained in Figure 8-3. Circuit A is a non- 
inverting buffer amplifier with gain of one. Circuit 
B is a non-inverting amplifier with gain determined 
by the resistance of R1 and R2. Circuit C is an 
inverting amplifier with gain determined by R1 and 
R2, with the input impedance equal to R2. Circuit 
D shows the equivalent circuit and typical param- 
eters for an operational amplifier. 


NOTE 


It is assumed that the amplifier has high 
gain, low output impedance and high 
input impedance. 


8-27. Troubleshooting. An operational amplifier 
can be characterized as an ideal voltage amplifier 
having low output impedance, high input 
impedance, and very high gain. Also the output 
voltage is proportional to the difference in the 
voltages applied to the input terminals. In use, the 
amplifier drives the input voltage difference close 
to zero. 


8-28. When troubleshooting an operational ampli- 
fier, measure the voltages at the two inputs with no 
signal applied; the difference between these volt- 
ages should be less than 10 mV. A difference 
voltage much greater than 10 mV indicates trouble 
in the amplifier or its external circuitry. Usually 
this difference will be several volts and one of the 
inputs will be very close to an applied circuit 
operating voltage (for example, +20V, —12V). 


8-29. Measure the amplifier’s output voltage. It 
will probably be close to one of the supply voltages 
or ground. Verify that the output voltage follows 
the input voltages, i.e., if the non-inverting input 
voltage is more positive than normal and/or if the 
inverting input voltage is more negative than 
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normal, then the change in output voltage should 
be more positive. If the non-inverting input is less 
positive and/or the inverting input voltage is less 
negative, the change in output voltage should be 
less positive. The preceding symptoms indicate the 
defective component is in the external circuitry. If 
the symptoms as stated are absent, the operational 
amplifier is probably defective. 


8-30. Digital Integrated Circuits and Symbols 


8-31. Introduction. Except for two Read Only 
Memory (ROM) devices, all digital circuits used in 
this instrument belong to the TTL family. The two 
ROMs belong to the MOS family and are made 
TTL compatible via the use of pull-up resistors 
attached to the input/output ports. Refer to Table 
8-1 for TTL and MOS input/output voltage level 
specifications, and for MOS input power require- 
ments. 


8-32. The symbols used in this manual conform to 
the requirements of American National Standard 
ANSI Y32.14-1973, ‘“‘Graphic Symbols for Logic 
Diagrams (Two-State Devices)’. Unless otherwise 
specified all symbols and signal mnemonics should 
be interpreted according to the following general 
rules: 


a. Signals that are active-low are identified 
by the letter L or N followed by the signal 
mnemonic (e.g., LQT). 


b. Signals that are active-high are identified 
by the letter H or Y followed by the signal 
mnemonic (e.g., HLLD). 


c. A polarity indicator symbol (+ ) at an 
input indicates that it is active-low or triggers on a 
low going edge; a polarity indicator symbol at an 
output indicates inversion or that the output is 
active-low. Active-high inputs or inputs which trig- 
ger on a high going edge; and active-high outputs 
are shown without the polarity indicator symbol. 


d. A dynamic indicator symbol (-> ) at an 
input indicates that the input triggers (is active) 
only on the leading or trailing edge of an input 
signal. If a polarity indicator symbol is present 
with the dynamic indicator symbol, then the input 
triggers on the negative edge of the input signal. 
Inputs that are not edge sensitive are referred to as 
level sensitive and are shown without the dynamic 
indicator symbol. 


e. The output-delay indicator symbol( 1 ) 
indicates that the output is effective at the time 
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OPERATIONAL AMPLIFIER 
B 
GAIN = 1+R1/R2 


OUTPUT OUTPUT 
INPUT IMPEDANCE: VERY HIGH INPUT IMPEDANCE: VERY HIGH 
OUTPUT IMPEDANCE: VERY LOW OUTPUT IMPEDANCE: VERY LOW 


Cc 
GAIN = R1/R2 


OUTPUT V4 


INPUT IMPEDANCE: R2 
OUTPUT IMPEDANCE: VERY LOW 


Vo 


IF “A” IS LARGE, Ve=Vy 


R1 R1 
= WF SD ae 
Vo = Vy (14) vy (By 


R1 
(2) IF Vo = 0 (x17), THEN Vo=V, (+ RQ) 


(3) IF Vy =0 (7), THEN 


Figure 8-3. Operational Amplifier Functional Circuits 
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Digital Integrated Circuits and Symbols (cont'd) 
that the signal which initiates the change returns to 
its opposite state. 


f. The inhibiting-input indicator symbol (+) 
indicates that the output is prevented from going 
to its indicated state as long as the inhibiting-input 
remains high. If an inhibiting-input indicator and a 
polarity indicator symbols are used together, the 
output will be inhibited as long as the inhibiting- 
input remains low. The inhibiting-input symbol is 
used mainly with three-state logic devices to allow 
the use of the ‘‘wired OR” connection of the 
outputs. 


NOTE 


The term “binary coded decimal”’ (BCD) 
refers to four-bit binary circuits that range 
fromdecimal 0 to 9in an 8421 code. 


The term ‘‘binary”, when applied to 
four-bit binary circuits, refers to circuits 
that range from decimal 0 to 15 in an 
8421 code. 


Table 8-1. Logic Levels and Power Requirements 


Gnd 


evap eel 


Output Vac +12V 


> 


8-33. Dual D-Type Flip-Flop. The dual D-type 
flip-flop shown in Figure 8-4 consists of two 


Figure 8-4. Dual D-Type Flip-Flop 
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independent D-type flip-flops. The information 
present at the data (De) input is transferred to the 
active-high and active-low outputs on a low-to-high 
transition of the clock (C) input. The data input is 
then locked out and the outputs do not change 
again until the next low-to-high transition of the 
clock input. 


8-34. The set (S) and reset (R) inputs override all 
other input conditions: when set (S) is low, the 
active-high output is forced high; when reset (R) is 
low, the active-high output is forced low. Although 
normally the active-low output is the complement 
of the active-high output, simultaneous low inputs 
at the set and reset will force both the active-low 
and active-high outputs to go high at the same time 
on some D-type flip-flops. This condition will exist 
only for the length of time that both set and reset 
inputs are held low. The flip-flop will return to 
some indeterminate state when both the set and 
reset inputs are returned to the high state. 


8-35. Four-Bit Bistable Latch. The four-bit bi- 
stable latch shown in Figure 8-5 consists of four 
independent D-type flip-flops. The flip-flops (FF1 
and FF2) are controlled by the C1 clock input and 
the flip-flops (FF3 and FF4) are controlled by the 
C2 clock input. Information present at a data (Dc) 
input is transferred to the active-high and active- 
low outputs when the associated clock input is 
high; the outputs will follow the data as long as the 
clock remains high. When the clock goes low, the 
information that was present at the data input 
when the transition occurred is retained at the 
outputs until the clock returns high. 


Figure 8-5. Four-Bit Bistable Latch 


8-36. Dual J-K Master/Slave Flip-Flop. The dual 
J-K Master/Slave Flip-Flop shown in Figure 8-6 
consists of two independent J-K flip-flops. Inputs 
to the master section is controlled by the gate (G) 
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Digital Integrated Circuits and Symbols (cont'd) 
pulse. The gate pulse also controls the state of the 
coupling transistors which connect the master and 
slave sections. The sequence of operation is as 
follows: 


a. T1-—Isolate slave from master. 


b. T2 — Enter information from J and K 
inputs to master. 


c. T3— Disable J and K inputs. 


d. T4— Transfer information from master to 
slave. 


8-37. Flip-flop response is determined by the 
levels present at the J and K inputs at time T2. The 
four possible combinations are as follows: 


a. When J and K are low, the outputs will 
not change state. 


b. When J is high and K is low, the active- 
high output will go high, unless it is already high. 


c. When J is low and K is high, the active- 
high output will go low, unless it is already low. 


d. When J and K are both high, the flip-flop 
will toggle. That is, the active-high and active-low 
outputs will change states for each gate pulse. 


8-38. The set (S) and reset (R) inputs override all 
other input conditions: when set (S) is low, the 
active-high output is forced high; when reset (R) is 
low, the active-high output is forced low. Although 
normally the active-low output is the complement 
of the active-high output, simultaneous low inputs 
to both S and R will force both outputs high on 
some J/K flip-flops. This forced high on both 
outputs will exist only for as long as both R and S 
are held low. The flip-flop will return to some 
indeterminate state when both R and S go high. 


GATE PULSE TIMING 


Figure 8-6. Dual J-K Master/Slave Flip-Flop 
and Gate Pulse Timing 
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8-39. Dual J-K Edge-Triggered Flip-Flop. The dual 
J-K edge-triggered flip-flop shown in Figure 8-7 is 
functionally identical to the master/slave flip-flop 
described previously except for gate pulse timing. 
The edge-triggered flip-flop response is determined 
by the levels present at the J and K inputs at the 
instant that a negative gate transition (high-to-low) 
occurs. 


Figure 8-7. Dual J-K Edge-Triggered Flip-Flop 


8-40. Programmable Counters. Programmable 
binary and decade counters used in the Power 
Meter are shown in Figure 8-8. The operating 
modes for both counters are identical. The only 
differences in operation are in the count sequences. 


8-41. Operation of the counters is synchronous, 
with the outputs changing state after the 
high-to-low transistion of either the Count-Up 
Clock (+1) or the Count-Down Clock (—1). The 
direction of counting is determined by which clock 
input is pulsed while the other clock is high. 
Incorrect counting will occur if both clock inputs 
are low simultaneously. Both counters will respond 
to a clock pulse on either input by changing to the 
next appropriate state of the count sequence. The 
state diagram for the decade counter (Figure 8-8) 
shows both the regular sequence and the sequence 
if a code greater than nine is present in the 
counter. 


8-42. Both counters have a_ parallel load 
(asynchronous) facility which permits the count- 
ers to be preset. Whenever the Parallel Load 
input (C) and Master Reset (R) are low, the 
information present on the Dc inputs will be 
loaded into the counters and appear at the outputs 
independently of the conditions of the clocks. 
When the Parallel Load (C) input goes high, this 
information is stored in the counters. When the 
counters are clocked they will change to the next 
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DECADE COUNTER BINARY COUNTER 


COUNT UP = COUNT UP 
COUNT DOWN COUNT DOWN 


MODE SELECTION SUMMARY (Both Counters) 


Preset (Asyn.) 
Preset (Asyn.) 
No Change 
Count Up 
Count Down 


H = HIGH Level X = Don’t Care Condition 
L = LOW Level = Clock Pulse 


Figure 8-8. Programmable Counters 
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Digital Integrated Circuits and Symbols (cont'd) 
appropriate state in the count sequence. The Do 
inputs are inhibited when C is held high and have 
no effect on the counters. 


8-43. The Terminal Count-Up (94; or 15,4) or 
Terminal Count-Down (O_,) outputs (carry and 
borrow respectively) allow multidecade counter 
operations without additional logic. The counters 
are cascaded by feeding the terminal count-up 
output to the count-up clock input and terminal 
count-down output to the count-down clock input. 


8-44. The Terminal Count-Up outputs of the 
decade and binary counters are low when their 
count-up clock inputs are low and the counters are 
in state nine and fifteen respectively. Similarly, the 
Terminal Count-Down outputs are low when their 
count-down clock inputs are low and _ both 
counters are in state zero. Thus, when the decade 
counter is in state nine and the binary counter is in 
state fifteen and both are counting up, or both are 
in state zero and counting down, a clock pulse will 
change the counter’s state on the rising edge and 
simultaneously clock the following counter 
through the appropriate active low terminal count 
output. There are two gate delays per state when 
these counters are cascaded. 


8-45. The asynchronous Master Reset (R) input, 
when high, overrides all other inputs and clears the 
counters. Master Reset (R) overrides Parallel Load 
(C) input so that when both are activated the 
counters will be reset. 


a) 
= 
uv 
bp 
= 


BS Se Ro Re ed ote a 
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8-46. Decoder. There are two types of decoders 
used in the Power Meter: a 3-line to 8-line and a 
4-line to 16-line decoder. Operation of both 
decoders is identical except for the number of 
input and output lines. Therefore only the 
operation of the 3-line to 8-line decoder is shown 
in the truth table in Figure 8-9. 


8-47. Data Selector (Multiplexer). There are two 
types of data selectors used in the Power Meter: an 
8-input data selector and a 16-input data selector. 
The operation of both data selectors are identical 
except for the number of inputs. Therefore only 
the operation of the 8-input data selector is 
described and the symbol shown in Figure 8-10. 
One of the 8-input lines (0 through 7) is 
selected by the SEL output (GO through 7). The 
strobe input (G8) must be low in order to enable 
the output lines. If the strobe input is high, the 
output lines are inhibited and present a high 
impedance. This circuit uses Three State logic so 
that the outputs may be connected into a ‘“‘wired 
OR” configuration. 


8-48. Display Driver. The display driver (Figure 
8-11) accepts a 4-bit binary code and provides 
output drive to light the appropriate segments of a 
7-segment numeric display. The decode format 
employed allows generation of numeric codes 0 
through 9 as well as other codes shown in the truth 
table in Figure 8-11. 


Truth Table 


Gate Enable | Select Code 


> 
—s 


a5 Ge eae (oi Sb Se 

See ee aa fie Se Sa ce ND 
Coie er a Sie Se 
igeeloe seats ee oi, Se oo ee ce 
2 i= les eG es ae aie ee amen eG elo) 
26 So te Se Ge bee eo One 
soecs) senate, oe ee 
$2 83, om os eS oped es mo he ll he MO) 
Secs eee oe re ee tf 
aS Se Se ae See (pe Se ee Seo 

SS Shs Ge chia cli is a pecs ta als mle —) 


H = High, L= Low, X = Don’t care condition. 


Figure 8-9. 3-Line to 8-Line Decoder 
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X 
L 
L 
L 
L 
H 
H 
H 
H 


0 
1 
2 
3 
4 
5 
6 
7 


(3- STATE) 


H = High; L = Low; X = Don’t care condition; Z - High impedance. 


Service 


Truth Table 


X>Y Sel Input 


G 
H 
L 
L 
L 
L 
L 
L 
E 


NmoORwWNnr—O x 
NOohwnr—OoON 
NOonR Wr —ON 


Figure 8-10. 8-Input Data Selector (Multiplexer) 


8-49. Latches on the four data inputs are con- 
trolled by the gate (G2) input. When G2 is low, the 
states of the outputs are determined by the input 
data code. When G2 goes high, the last data code 
present at the input to the latches is stored and the 
output remains stable. 


8-50. The display driver also has provision for 
automatic blanking and zero suppression via the 
ripple blanking input, RBI, (G1) and the ripple 
blanking output (RBO), respectively. The G1 line 
always serves as an input; the RBO line typically 
serves as an output but it can also be configured as 
an input (G3) by connecting it to an external drive 


source. When G3 is held low by an external source, . 


it overrides all other inputs to the display driver 
and causes the display driver to provide blanking 
outputs to all segments of the associated display. 


8-51. When the RBO line is not connected to an 
external drive source it serves as a blanking output 
which is controlled by G1. As shown on the truth 
table in Figure 8-11, the combination of a low G1 
and a binary 0 code causes the display driver to set 
the RBO low and to provide blanking outputs to 
all segments of the associated display. For zero 
suppression, the RBI (G1) input associated with 
the most significant digit is grounded and the RBO 
output is connected to the G1 input of the next 
significant digit. Using this configuration a number 
such as 0010 would be displayed as 10. 


8-52. Numeric Display. The numeric display con- 
sists of eight individual light emitting diodes (LED) 
which share a common anode input. Seven of the 
LEDs, designated a through g, are arranged to form 
a seven-segment display as shown in Figure 8-12. 
The eighth LED, designated dp, provides a left-hand 
decimal point display. Each segment is lighted 
individually by a low input to the cathode pin (a 
through g and dp) of the LEDs. 


8-53. Read Only Memories (ROMs). The Read 
Only Memories (ROMs) used in the Power Meter 
fall into two separate logic families: TTL and MOS. 
As shown in Figure 8-13, the only significant 
differences between the two types of ROMs are the 
power requirements and the amount of program 
storage. The power requirements for each family 
are provided in Table 8-1. Storage capacity for the 
TTL ROM is 32 8-bit words (256 bits); for the 
MOS ROM, storage capacity increases to 256 
16-bit words (4096 bits). 


8-54. When the ROMs are initially programmed, 
each 8- or 16-bit word is stored at a predeter- 
mined address. During subsequent operation, 
selection of the desired word is accomplished by 
applying the appropriate address code to the X> Y 
inputs. (In the Power Meter, the gate (G) input on 
the TTL ROMs is not used; it is tied to ground to 
keep the ROMs continuously enabled.) The speci- 
fic program associated with each ROM is listed 
adjacent to the Service Sheet schematic on which 
the ROM is shown. 
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Truth Table 


ion ener omit vs ver tae 


X X X X{H H HHH 


H= HIGH; L = LOW; X = DON'T CARE CONDITION 


*The G1 input will blank the display only if a binary zero is stored in the 
latches. 


**The RBO output (pin 4) when used as an input (G3) overrides all other 
input conditions. 


Figure 8-11. LED Display Driver 
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Truth Table 
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L = low; X = Don’t care condition. 


Figure 8-12. Numeric Display Figure 8-13. MOS and TTL ROMs 
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8-55. TROUBLESHOOTING 


8-56. Since the Power Meter is a software con- 
trolled instrument, effective troubleshooting 
requires a thorough knowledge of both hardware 
operation and program execution. As an aid to this 
understanding, a general overview of Power Meter 
operation and troubleshooting rationale is provided 
in the Block Diagram Description associated with 
Service Sheets 1 through 5, detailed descriptions of 
the operating program are provided in Tables 8-3 
and 8-6 and Figure 8-15, and circuit descriptions 
and troubleshooting data are provided as required 
on Service Sheets 6 through 15. 


8-57. In addition to the information referenced 
above, this section also contains step-by-step veri- 
fication procedures for a standard instrument, an 
HP-IB equipped instrument, and a BCD equipped 
instrument. Each of these procedures are designed 
to accomplish three major purposes. The first 
purpose is to exercise the stored program and the 
hardware circuits in a known sequence so that a 
fault condition can be readily isolated to a circuit 
group or to a segment of the stored program. The 
second purpose is to describe each check in suf- 
ficient detail to familiarize a maintenance tech- 
nician with overall Power Meter operation. The 
third and most significant purpose is to indicate a 
logical troubleshooting entry point for program 
verification and signal tracing. 


8-58. When the verification procedures are used as 
a basis for troubleshooting instruments equipped 
with either the HP-IB or BCD option, it is neces- 
sary that the standard instrument verification pro- 
cedure be performed first to ascertain that the 
fault is not in the standard instrument circuits. 
After the standard instrument circuits are known 
to be operating properly, a fault can be readily 
isolated to a remote option circuit group, or to 
that segment of the operating program associated 
with remote operation. 


8-59. Standard Instrument Checkout 


8-60. A step-by-step procedure for verifying the 
operation of a standard instrument is provided in 
Table 8-3. Each step of the procedure directs that a 
specific function be verified and summarizes the 
program execution and/or circuit operation 
associated with the function. Each summary, in 
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turn, is based on normal indications previously 
obtained. Thus, if the steps are performed in the 
order listed, an abnormal indication is directly 
related to a small segment of the operating 
program or to a specific circuit group. The 
information contained on the Service Sheets and in 
the Operating Program Flow Chart (Figure 8-15) 
can then be used to further isolate the problem. 
Typical examples of using the checkout procedure 
as a basis for troubleshooting are listed below. 


8-61. Example 1: Abnormal Indication is 
Observed for Step 1. For this example, it is 
assumed that the power supplies are operating 
normally since troubleshooting of these circuits is 
straightforward (refer to Service Sheet 15). The 
first step in isolating any other type of fault is to 
determine whether the fault is in the ROM which 
contains the operating program, or whether it is 
one of the major circuit groups shown on Service 
Sheet 1. To isolate the fault, proceed as follows: 


a. Look at the front-panel display while 
referrring to Figure 8-14 and try to determine what 
portion of the operating program that the fault is 
associated with. Note that the range and mode 
indications are generated at the start of the pro- 
gram cycle, the in-range/out-of-range status indica- 
tions are generated next, then the digital readout is 
updated at the end of the program cycle. (When 
autoranging is enabled and an out-of-range con- 
version is detected, additional measurements are 
taken until an in-range conversion is detected, or 
until an out-of-range conversion is detected on the 
last range. Thus, the digital readout is not updated 
until after the last conversion of the program 
cycle.) 


b. If the mode and range indications are 
abnormal, the fault occurs early in the program 
cycle and will affect circuit operation for the 
remainder of the cycle. Thus, the abnormal indica- 
tion should be remedied before attempting any 
further analysis of Power Meter operation. To 
isolate the fault, proceed as follows: 


1) Connect the logic analyzer (HP 1600A 
or equivalent) to the Power Meter as follows: 


NOTE 
Unless otherwise indicated, the 
logic analyzer is always connected 


Model 436A 


POWER ON 
INITIALIZE 
POWER METER CIRCUITS 


REMOTE 
REMOTE 
ee 
LOCAL MODE SELECTION MEASUREMENT 
TRIGGERED 


A-D CONVERTER AUTO ZERO REMOTE RANGE SELECTION 
FUNCTION (133 ms) REMOTE MODE SELECTION 


A-D CONVERTER 
MEASUREMENT FUNCTION 


CONVERSION 


A-D CONVERTER AUTO ZERO 
FUNCTION (666 OR 932 ms) 


AUTO RANGE 


UPDATE DIGITAL READOUT CHANGE RANGE 


ENABLED? 


MEASUREMENT 


NOTES 
. Remote lamp lit continuously when remote operation selected. 


. The dBm range and mode selected are indicated by sign, 
decimal point position, dBm and dB (REL) lamps. Watts 
range and mode selected are indicated by decimal point 
position and W, mW, pW, and nW Lamps. 


. IN-RANGE or OUT-OF-RANGE STATUS indicated by under/ 
over range lamps; digital readout may be blanked for various 
out-of-range indicatings. 


REMOTE 


. Input power level measured is clocked into digital readout. 
(If digital was blanked previously, it will remain blanked.) 


Figure 8-14. Power Meter Operating Cycle 


Service 
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Standard Instrument Checkout (cont’d) 4) Move the logic analyzer CLOCK probe 
Note cont’d) from A5TP10 to A4TP2 and observe the NO 
as specified below for verifying pro- CLOCK indicators to verify that a 92 clock is 
gram execution. applied to the Controller. If either indicator is 


lit, refer to Service Sheet 9 for information 
covering checkout and troubleshooting of the 
Clock Generator Circuits. 


Logic Analyzer Input Connect to: 


DATA INPUTS BIT 0 A5TP1 

DATA INPUTS BIT 1 A5TP2 5) Return logic analyzer CLOCK probe to 
DATA INPUTS BIT 2 A5TP3 AD5TP10 and set remaining logic analyzer 
DATA INPUTS BIT 3 A5TP4 controls as indicated below. These controls 
DATA INPUTS BIT 4 A5TP5 select the triggering of the logic analyzer and 
DATA INPUTS BIT 5 A5TPE are adjusted as required to verify Power Meter 
DATA INPUTS BIT 6 A5TP7 program execution. 

DATA INPUTS BIT 7 A5TP8 

DATA INPUTS GND A5TP11 


CLOCK INPUT A5TP10 


2) Set the logic analyzer controls as indi- | TRIGGER WORD: (switch settings specified select 


SASS E Girt address 052g; qualifier =1 or 0) 
NOTE BIT 0; LO 
Unless otherwise indicated, the BIT 1; HI 
logic analyzer controls are always BIT 2: LO 
set as specified below for verifying BIT 3: 


program execution. BIT 4: 


BIT 5: 
CLOCK: _/ | THRESHOLD: TTL BIT 6: 
DISPLAY TIME: as desired. 


BIT 7: 
COLUMN BLANKING: to display Bits 0 
through 7. 


6) If the operating program is cycling 
normally, the NO TRIG indicator will be off 
and the logic analyzer will provide a 16-line 
display starting at address 052g. The first two 


___ 3) Observe the logic analyzer NO CLOCK lines of the display should indicate that the 
indicators to verify that a Ql clock input 1s YR8 qualifier associated with address 052 is a 
applied to the Controller. If either indicator is logic 1, and that the YR2 qualifier associated 
lit, refer to Service Sheet 9 for information with address 055g is a logic 0. An explanation 
covering checkout and troubleshooting of the of how this status indication is derived can be 
Clock Generator Circuits. (Service Sheet 1 found in Table 8-3 and 8-6 and in Figure 8-15. 
indicates that Program Clocks are applied to Table 8-6 indicates that the range counter was 
the Controller from the Counter and Clock counted down to range 7 at address 0349 of 
Generator Circuits and that a detailed block the Power Up subroutine, and to range 5 at 
diagram of these circuits is provided he Service address 035g. Figure 8-15 shows the qualifiers 
Sheet 3. Service Sheet 3, in turn, indicates that associated with these addresses and how the 
a schematic of the Clock Generator Circuits is qualifiers are processed to control address 
provided on Service Sheet 9.) branching and instruction generation. Table 8-2 


8-18 


Model 436A 


Service 


TROUBLESHOOTING 


ee 


Standard Instrument Checkout (cont'd) 

describes the purpose and function of each 
qualifier and instruction. Thus, from the 
information contained in the tables and on the 
figure, it can be determined that after the Range 
Counter is counted down from range 5, the 
Mode Register is loaded, then the program 
branches to the Local/Remote Subroutine. 
Since Local operation is automatically selected 
when power is turned on, the next branch is to 
address 052g of the Local Initialize subroutine. 
The Range Counter was counted down 
properly, the range qualifiers should be set to 
the following logic states: YR3 = H, YR2 = L, 
Y¥R1 =H. 


7) If a display is present on the logic 
analyzer, it verifies that the operating program 
is cycling normally and branching to address 
0522 to initiate each cycle. With this fact 
established, its just a matter of signal tracing to 
find out exactly where the problem is. Refer to 
Service Sheet 3 and check the outputs of the 
Mode Register and Range Counter. If they’re 
normal, trace out the signal lines to the Display 
Assembly to isolate the problem to a circuit. If 
the outputs of the Mode Register are abnormal, 
use the logic analyzer and an oscilloscope to 
isolate the problem to the ROM containing the 
program, the Instruction Register, the 
Front-Panel Switches, the Buffers, or the Mode 
Register and Gates (Service Sheet 3). If the 
outputs of the Range Counter are abnormal, 
turn power on and off while using the logic 
analyzer to check program execution and 
Range Counter operation during the Power Up 
Subroutine. 


8) If no display is present on the logic 
analyzer, turn power on and off as required to 
verify program execution starting at address 
000g of the Power Up Subroutine. 


c. If the mode and range indications are 
normal, check the output of the Amplifier, 
Demodulator, and Filter circuits at DC test point 
A8TP4. If it is abnormal, refer to Service Sheet 2 
and check the YLOG and range select inputs to the 
circuit. If the YLOG and Range Select inputs are 
normal, use standard signal tracing techniques to 
isolate the problem. If they’re abnormal, refer back 
to step b. 


d. If the output of the Amplifier, 
Demodulator, and Filter circuit is normal, sync 
the logic analyzer on address 071g and check 
whether the A-D Converter. qualifier goes to logic 0 
at 633 + 160 clock pulses later. If no display can 
be obtained on the logic analyzer, turn power on 
and off and verify program execution starting at 
the Local Initialize Subroutine. If an erroneous 
display is observed, use the logic analyzer and an 
oscilloscope to isolate the problem to the ROM 
containing the program, the Instruction Register, 
the A-D Control Register and Gates, the A-D 
Converter, or the Counters. (The TRIGGER OUT- 
PUT of the logic analyzer can be used to sync the 
oscilloscope at any address.) 


e. If the conversion described in step d is 
proper, check that an LCOR instruction is gener- 
ated at address 072g and that an LTC instruction is 
generated to load the Display Register at address 
177g. If both of these instructions are generated 
properly, use standard signal tracing techniques to 
isolate the problem to the Under/Over-Range 
Decoder, the Main Counter, or the Display 
Assembly. 


8-62. Example 2: Abnormal Indication is Ob- 
served for Step 8. This example was chosen 
because it illustrates Power Meter autoranging 
during a program cycle. When the RANGE HOLD 
switch is released for step 8, an LCRD instruction 
should be generated during the Under Range Sub- 
routine to count the Range Counter down to range 
4, then an LSOR instruction should be generated 
to blank the front-panel digital readout (refer to 
Service Sheet 3, Linear Under-Range Conversion). 
The range 4 output of the Range Counter, in turn, 
should cause the True-Range Decoder to change 
the digital readout decimal point position, and 
should also select higher gain operation of the 
Amplifier, Demodulator, and Filter circuit. Thus, 
the input voltage to the A-D Converter at DC test 
point A3TP4 should rise to 0.980 Vdc by the time 
that the subsequent Auto Zero Subroutine is 
completed. Program execution and_ circuit 
operation from this point on was verified in steps 1 
through 7. The key step in isolating an abnormal 
indication then, is to check that the output of the 
Amplifier, Demodulator, and Filter circuit rises to 
the specified value by the end of the Auto Zero 
Subroutinte which follows the Under Range Sub- 
routine. The main reason for making this check 
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Standard Instrument Checkout (cont’d) 

first is that if the output of the Amplifier, Demod- 
ulator, and Filter circuit does not rise to an 
in-range level by the end of the Auto Zero Sub- 
routine, a range 4 under-range conversion will be 
detected. A second Under Range Subroutine will 
then be executed to count the Range Counter 
down to range 3 and the range 3 output of the 
Range Counter will change the output of the 
True-Range Decoder and the gain of the Amplifier, 
Demodulator, and Filter circuit a second time. 
Depending on the type of failure present, either an 
under-range conversion or an over-range conversion 
could be detected for range 3. Thus, for this type 
of problem, neither the final range that the Power 
Meter will settle on nor the resultant front-panel 
indication can be predicted. 


8-63. To isolate a step 8 abnormal indication 
proceed as follows: 


a. Check the output of the Range Counter to 
determine what range the Power Meter settles on. 
If the Power Meter settles on range 4, sync the 
logic analyzer on address 052g as described in 
Example 1 to determine whether the operating 
program is cycling. If the program is not cycling, 
turn off power and reestablish the conditions of 
step 7. Then turn power back on, release the 
RANGE HOLD switch, and verify program execu- 
tion starting at the Under Range Subroutine. 


b. If the Power Meter has settled on range 4 
and the operating program is cycling normally, 
refer to Service Sheets 2 and 3 and isolate the 
problem to the True-Range Decoder, the Ampli- 
fier, Demodulator, and Filter circuit, the Over/ 
Under-Range Decoder, or the Display Assembly. 


Table 8-2. Program Mnemonic Descriptions (1 of 5) 


NAUTO 3, 4, 6, Remote Initialize 
LORE Under Range 


Over Range 


only) 
Log Conversion (all) 


Power Up 
Auto Zero 
Delay 
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PROGRAM QUALIFIER INPUTS 


YH1 2, 3, 4, Linear, Positive — 

YH? 6, 9. Conversion (YH1, YH2 
YH4 10, 12 only) 

YH8 Linear, Negative — 


Conversion (YH1, YH2 


YK 2, 3, 4, Remote Initialize 
629) Measurement should be 
MOAT Linear, Positive-Conversion 


Linear, Negative-Conversion 


When low, enables Power Meter to automatically 
select most accurate measurement range. When 
high, causes Power Meter to hold last range 
selected, either locally or remotely. 


Main counter hundreds output (BCD). 


Least significant digit of main counter thousands 
output (BCD). 


Most significant digit of main counter thousands 
output (BCD). 


Model 436A Seta 


Table 8-2. Program Mnemonic Descriptions (2 of 5) 


Service 


Description 
Sheet H 


Remote Initialize Two-bit code which selects measurement mode as 

Measurement follows: 

Relative dB Mode 

Over/Under Range dBm 

Continue dB Rel 

Watts 
dB Ref (dB [REF] switch 
pressed) 


Measurement A-D converter output. During measurement subroutine, 

Linear, Positive-Conversion indicates whether A-D input is above or below A-D 

Linear, Negative-Conversion threshold (YPLS high or low, respectively). During con- 

Log Conversion version subroutines, changes state when A-D converter 
discharges through threshold. 


Power Up Three-bit code which selects measurement range as 

Remote Initialize follows: 

Local Initialize YR3 

Under Range (YR2, 
YR8 only) 

Over Range 


<i 
es) 
bo 


geet Range 
0 (Remote only) 
u 


(Invalid; Power Meter 
automatically selects 
range 5 even if NAUTO 
high) 


0 
0 
0 
0 
ik 
1 
il 
ik 


ee OOF FH © © 
Eo -— oO =o — © 


2 
3 
4 
+) 
6 
7 


YRMT Display and Remote Remote input. When HP-IB option installed, serves 
(DACQ) Talk as I/O transfer control signal (refer to description and 
timing diagram provided under Principles of Operation). 


YRMT Remote Initialize Remote input. When HP-IB option installed, functions 

(FAST) Delay in conjunction with YRMT (HOLD) to select measure- 
ment rate as indicated below. When BCD interface op- 
tion installed, functions in conjunction with YRMT 
(DACQ) to select measurement rate as indicated below. 


FAST HOLD/DACQ Measurement Rate 

x low (level) Disabled (hold) 

high high (pulse) trigger (with settling time) 
low high (pulse) trigger (immediate) 

high high (level) free run (at maximum rate) 
low high (level) free run (with settling time) 
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Taile 8-2. Program Mnemonic Descriptions (3 of 5) 


Description 


YRMT Local/Remote Branch Remote input. When HP-IB option installed, functions 
(HOLD) Display and Remote Talk in conjunction with YRMT (FAST) to select measure- 
ment rate as indicated above. 


Display and Remote Talk Remote talk I/O transfer control signal associated with 
HP-IB option. Set low at start of talk cycle to indicate 
that last word of data message not sent to external con- 
troller; reset high at end of talk cycle. 


YRMT Local/Remote Branch Remote input. When low, selects local operation of 
(REMOTE) Delay Power Meter; when high, selects remote operation of 
Display and Remote Talk Power Meter 


YRMT Display and Remote Talk Remote talk I/O transfer control signal associated 
(RFDQ) with HP-IB option (refer to description and timing dia- 
gram provided under Principles of Operation). 


Display and Remote Talk Remote talk enable input associated with HP-IB option; 
set low by external controller to request output data 
from Power Meter. 


Relative dB Relative counter status output. Goes low to indicate 
that contents of relative counter are equal to 0. 


INSTRUCTIONS 


Power Up Sets A-D auto-zero register thereby enabling A-D con- 
Local/Remote Branch verter auto-zero loop. 

Remote Initialize 

Auto Zero 

Delay 

Display and Remote Talk 


Power Up Loads mode select bits into mode register. 
Remote Initialize 
Local Initialize 


8-22 


Model 436A 


Service 


Table 8-2. Program Mnemonic Descriptions (4 of 5) 


Power Up 

Remote Initialize 

Auto Zero 

Measurement 

Over/Under Range 
Continue 

Delay 


Power Up 
Remote Initialize 
Auto Zero 
Measurement 
Linear, Positive- 

Conversion 
Linear, Negative- 

Conversion 
Log Conversion 
Relative dB 
Delay 


Linear, Positive- 
Conversion 
Linear, Negative- 
Conversion 
Log Conversion 
Relative dB 


Power Up 
Remote Initialize 
Local Initialize 
Under Range 


Power Up 
Over Range 


Measurement 


Remote Initialize 


Power Up 

Relative dB 

Over/Under Range 
Continue 


Measurement 


Description 


Sets sign register (sign +) and clears main counter. 


Enables one up/down clock pulse to main counter. 


Clears over-range and under-range flip-flops and loads 
contents of reference register into relative counter. 


Counts range counter down one range. 


Counts range counter up one range. 


Sets 1/2 of A-D conversion control register, thereby 
enabling A-D converter to charge to input voltage 
level. 


Loads remote range select inputs into range register. 


Loads contents of main counter into reference register. 


Loads true-range counter and sign preset inputs into 
main counter and sign register, respectively. 
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Table 8-2. Program Mnemonic Descriptions (5 of 5) 


Service Description 
Sheet 


Relative dB Serves as down clock to relative counter, and as steer- 
ing input to main counter up/down count control logic. 


Measurement Sets 1/2 of A-D conversion control register. Output 
Linear, Positive- of register is then gated with various status signals to 
Conversion enable A-D converter conversion ramp as follows: 

Linear, Negative- Linear Positive Conversion Ramp — enabled when 
Conversion Watts mode selected and A-D input voltage exceeds 
Log Conversion threshold. 
Linear Negative-Conversion Ramp — enabled when 
Watts mode selected and A-D input voltage is below 
threshold. 
Log Conversion Ramp and Log Reference — enabled 
when dBm, or dB Rel mode selected. 


3,10,11 Display and Remote Talk Remote talk I/O transfer control signal (refer to de- 
13 scription and timing diagram provided under Principles 
of Operation. 


3, 10 Power Up Sets overrange flip-flop to provide blanking output to 
Measurement display, and, if under range flip-flop is reset, to light 
Under Range OVER RANGE lamp. 
Over Range 


Measurement Sets underrange flip-flop to light UNDER RANGE 
Under Range lamp. 


Power Up Clocks display sign flip-flop and loads sign and con- 
Display and Remote Talk tents of main counter into display registers. 
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POWER ON 


000 _(SHEET 4) 


POWER UP 
SUBROUTINE 


(SHEET 4) 


LOCAL/REMOTE 
BRANCH 
SUBROUTINE 


REMOTE 


LOCAL 


(SHEET 5) (SHEET 6) 
REMOTE LOCAL 
INITIALIZE INITIALIZE 
SUBROUTINE SUBROUTINE 


RANGE 1 0R 2 
(SLOW) 


RANGE 3, 4, OR 5 (SLOW) 
056 


(SHEET 6) 


AUTO ZERO 
SUBROUTINE 


FAST OR RANGE 0 (SLOW) 


061 (SHEET 7) 


MEASUREMENT 
SUBROUTINE 


LOG MODE: A-D OUTPUT POSITIVE LOG MODE 
A-D OUTPUT 


WATTS MODE NEGATIVE 


(SHEETS 8 & 9) 


LINEAR POSITIVE- OR 
NEGATIVE-CONVERSION 
SUBROUTINE 


<100 COUNTS 


(SHEET 10) 174 (SHEET 11) 


UNDER RANGE 
SUBROUTINE 


RANGE HOLD; | AUTO RANGE 
AUTO RANGE |40R5 
10R0 


AUTO RANGE 
20R3 


LOG >1200 COUNTS 
CONVERSION 


SUBROUTINE 
<1100 COUNTS 


>1100 COUNTS 


100-1200 
COUNTS 


(SHEET 11) 


RELATIVE 
dB 
SUBROUTINE 


147 (SHEET 12) 


OVER RANGE 2,3, OR 4 
SUBROUTINE 
AUTO RANGE 1 


RANGE HOLD; AUTO RANGE 5 


AUTO 
RANGE 


(SHEET 12) 036 (SHEET 13) 


OVER/UNDER 
RANGE CONTINUE serie 
SUBROUTINE 


047 


(SHEET 14) 
DISPLAY AND 
REMOTE TALK 
SUBROUTINE 
REMOTE TALK OR REMOTE HOLD 
NOT SELECTED LOCAL 


Figure 8-15. Qperating Program Flow Chart (1 of 14) 
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PROGRAM TIMING 


QUALIFIER INPUTS (16) 
QUALIFIER SELECT CODE NEXT ADDRESS SELECT CODE 


C 
LINE SELECTOR 


QUALIFIER 
BIT 


QUALIFIER 


REGISTER 
Q 


QUALIFIER 
BIT 


_Y12-Y15 


INSTRUCTION 
CODE 


o1 


INSTRUCTION 


REGISTER 


INSTRUCTIONS (16) 


NOTE 


| 1. FOR ROM OUTPUTS, LOGICAL 1 =0V 
$1 
Tl T3 T4/1 
T2 

Tla. NEXT ADDRESS SELECT BITS CLOCKED INTO T2. QUALIFIER CLOCKED INTO QUALIFIER REGIS- 
STATE REGISTER AND APPLIED TO ROM. ROM TER AND APPLIED TO ROM AS ADDRESS 
OUTPUTS ADDRESSED WORD’ MODIFIER. ROM OUTPUTS ADDRESSED WORD. 

b. QUALIFIER OUTPUT OF LINE SELECTOR DETER- T3. INSTRUCTION REGISTER ENABLED; INSTRUCTION 

MINED BY QUALIFIER SELECT CODE. CODE SELECTS OUTPUT. 


T4/1. INSTRUCTION REGISTER DISABLED; NEXT CYCLE 
INITIATED AS LISTED FOR 1a AND 1b. 


Figure 8-15. Operating Program Flow Chart (2 of 14) 
8-26 


Model 436A 


FLOW CHART ARRANGEMENT 


CONTENTS OF 
STATE REGISTER 
IN OCTAL 


T1 


XX — QUALIFIER SELECT CODE 


QUALIFIER 
MNEMONIC 


XX — INSTRUCTION OR 
YRMT SELECT CODE 


NOTE 2 /wcTRUCTION OR YRMT nee 
(T1)T3 (SELECT MNEMONIC (11) T3 


T4/1 NEXT ADDRESS 
SELECT BITS 


NOTES 
1. DECISION BLOCK LEFT BLANK WHEN ROM IS 
PROGRAMMED TO PROVIDE SAME OUTPUT FOR 
EITHER 1 OR 0 QUALIFIER STATE. 


2. | WHENA YRMT SELECT CODE IS GENERATED AT T1, 
INSTRUCTION REGISTER IS DISABLED AND STATE 
OF YRMT LINE AT T2 DETERMINES NEXT ADDRESS 
AT T4/1. 


QUALIFIER SELECT CODES 


—s 
a 
< 
= 
i) 


+6V 
YH1 
YH2 
YH4 
YH8 
YK1 
YK8 
YPLS 
NRZO 
YR1 
YR2 
YR3 
NAUTO 
YM1 
YM2 
YRMT 


(Og) 
(1g) 
(2g) 
(3g) 
(4g) 
(5g) 
(6g) 
(7g) 
(10g) 
(11g) 
(12g) 
(13g) 
(14g) 
(15g) 
(16g) 
(17g)* 


Y 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 


wera Ocooorenw- | OOO SO 
==-oorer-c0e-/+/00++0 
-o-c-o0o-0-0+-0-+-0 
ee 
= 
are me oocnc”oere-s |S OCOSO < 
wo 
awe oorerj- OOH SS OCH $$ OC < 
) 
-o-c-o0o-0+-0-0-0-0 < 
~ 


*YRMT IS A MULTIPLEXED QUALIFIER 
LINE. INSTRUCTION CODE SELECTS 
OUTPUT OF MULTIPLEXER. 


*YRMT SELEC 


ee ee 
— ew aS SB OOo oO 
ee — ee — i) 
-o-f-o-/0C-C0 


a ee a a ae | 


XX — INSTRUCTION OR 
YRMT SELECT CODE 


INSTRUCTION OR YRM 
SELECT MNEMONIC 


T4/1 NEXT ADDRESS 
SELECT BITS 


INSTRUCTION CODES 


SAME AS ABOVE 
EXCEPT LCNT ALSO 
GENERATED TO CLOCK MAIN COUNTER 


T CODES 

DISABLE 

SELECT LDAV (31g) AS YRMT QUALIFIER 
SELECT LTALK (32g) " 

SELECT HMDT (33g) " 

SELECT LRFDQ (343) 

SELECT LFAST (35g) " 

SELECT LHOLD (36g) 3” 

SELECT LREMOTE (37g) 


Figure 8-15. Operating Program Flow Chart (3 of 14) 


Service 


8-27 


Service Model 436A 


4a 


POWER ON 


POWER UP SUBROUTINE 


GENERATE MASTER RESET 

BLANK DISPLAY 

CLEAR MAIN COUNTER AND SET SIGN LATCH 

LOAD CONTENTS OF MAIN COUNTER INTO 
REFERENCE REGISTER (CLEARS REGISTER) 

DISPLAY COUNT (0. — — —) AND SIGN (OFF) 

SET RANGE TO 00 AND AUTO-ZERO A-D 
CONVERTER (8000 COUNTS) 

SET RANGE T005 AND LOAD MODE SELECT REGISTERS 


<@——- FROM DISPLAY AND REMOTE 


TALK SUBROUTINE (SHEET 14) 


LOCAL/REMOTE BRANCH SUBROUTINE 


AL/REMOTE BRANCH SUBROUTINE = ——, 
| REMOTE | 
SELECTED 
| AUTO-ZERO | 
A-D CONVERTER 
| (1 COUNT) | 


TO LOCAL INITIALIZE TO REMOTE INITIALIZE 
SUBROUTINE (SHEET 6) SUBROUTINE (SHEET 5) 


Figure 8-15. Operating Program Flow Chart (4A of 14) 
8-28 


Model 436A 


POWER UP SUBROUTINE 


Service 


4b 


LOCAL/REMOTE BRANCH SUBROUTINE 


035 
(SHEET 4) 
024, 045, 112 
(SHEET 14) 


(REMOTE) 


TO 052 
(SHEET 6) 


| | 
| | 
| | 
| | 
| | 
| | 
| | 
| | 
| | 
| | 
| | 
| | 
| | 
| | 
| | 
| | 
| | 
| | 
| | 


NOTE 
1. ADDRESS 0000 WILL BE HELD UNTIL END 
OF LPU PULSE (SEE SERVICE SHEET 10). 


Figure 8-15. Operating Program Flow Chart (4B of 14) 
8-29 


Service Model 436A 


5a 


FROM LOCAL/REMOTE 
BRANCH SUBROUTINE 


(SHEET 4) 
REMOTE INITIALIZE SUBROUTINE 012 
[pt ey, Jag a eee ea Ee aa RCN TC Cate Be es 
| AUTO | 
NO RANGING 
| ENABLED | 
| YES | 
LOAD RANGE 
| COUNTER | 
| COUNT RANGE | 
pyle YES COUNTER DOWN 
| TO RANGE 5 | 
| a | 
| CLEAR MAIN | 
COUNTER | 
FAST FAST 
ORSLOW 
| SLOW | 
RANGE YES | 
40R5 
| NO LOAD MODE | 
SELECT 
| WATTS REGISTER | 
RANGE YES | 
| dB 20R3 
LOAD MODE 
SELECT | 
| REGISTER NO LOAD MODE 
SELECT 
| REGISTER | 
| LOAD MODE 8 Peery | 
SELECT 
REGISTER 
| 1 RANGE 3 
20R3 
| AUTO-ZERO A-D LOAD MODE | 
CONVERTER SELECT 2 
| (1000 COUNTS) REGISTER 
AUTO-ZERO A-D | 
| CONVERTER 
(1000 COUNTS) 
| CLEAR MAIN COUNTER | 
Blea Wha mace! eo es GREETS . a8 
TO MEASUREMENT TO DELAY TO AUTO-ZERO 
SUBROUTINE SUBROUTINE SUBROUTINE 
(SHEET 7) (SHEET 13) (SHEET 6) 


Figure 8-15. Operating Program Flow Chart (5A of 14) 
8-30 


Model 436A 


REM 


' 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


OTE INITIALIZE SUBROUTINE 
— a ed 


05 
15 


15 21 35 35 
LCLR LAZ, LCNT (FAST) (FAST) 
TO 061 (SHEET 7) orca 


Figure 8-15. Operating Program Flow Chart (5B of 14) 


Service 


Service 


6a 


8-32 


LOCAL INITIALIZE SUBROUTINE 


AUTO ZERO SUBROUTINE 


FROM 
LOCAL/REMOTE BRANCH SUBROUTINE (SHEET 4) 


DISPLAY AND REMOTE TALK SUBROUTINE (SHEET 14) 


RANGE 
0,6,0R7? 


056 


CLEAR MAIN COUNTER 
AUTO-ZERO A-D 
CONVERTER 
(8000 COUNTS) 
CLEAR MAIN COUNTER 


TO MEASUREMENT 
SUBROUTINE (SHEET 7) 


Figure 8-15. Operating Program Flow Chart (6A of 14) 


COUNT RANGE 
COUNTER DOWN 


FROM REMOTE INITIALIZE SUBROUTINE (SHEET 5) 
D <@——_ UNDERRANGE SUBROUTINE (SHEET 11) 
OVERRANGE SUBROUTINE (SHEET 12) 
DELAY SUBROUTINE (SHEET 13) 


Model 436A 


Model 436A 


LOCAL INITIALIZE SUBROUTINE 


Service 


a | 


AUTO ZERO SUBROUTINE 


FROM 
026 (SHEET 4) 
025 (SHEET 14) 


<#———— 016, 030 (SHEET 5) ;| 


105 (SHEET 11) 


| 056 006, 120, 122 (SHEET 13) 
145, 146 (SHEET 12) 


Figure 8-15. Operating Program Flow Chart (6B of 14) 


Service Model 486A 


7a 


FROM 
REMOTE INITIALIZE SUBROUTINE (SHEET 5) 
AUTO-ZERO SUBROUTINE (SHEET 6) 


MEASUREMENT SUBROUTINE 


peAsaENPL SENT 


LOAD INPUT VOLTAGE 
INTO A-D CONVERTER 
(2000 COUNTS) 
CLEAR MAIN COUNTER 


dB MODE YES 
SELECTED 


NO (WATTS) 


A-D 
YES CONVERTER PRESET 

OUTPUT 

POSITIVE ok 


ENABLE LINEAR RESET SIGN 
POSITIVE CONVERSION LATCH 
RAMP (SIGN —) 


ENABLE LOG 
CONVERSION 
RAMP 


LIGHT UNDER RANGE 
LED AND BLANK 
DISPLAY 


| ¢ | 


Le el et 2 


: G H 


TO LINEAR POSITIVE- TO LINEAR NEGATIVE- TO LOG TO UNDER 
CONVERSION CONVERSION CONVERSION RANGE 
SUBROUTINE SUBROUTINE SUBROUTINE SUBROUTINE 

(SHEET 8) (SHEET 9) (SHEET 10) (SHEET 11) 


Figure 8-15. Operating Program Flow Chart (7A of 14) 
8-34 


Model 436A Service 


MEASUREMENT SUBROUTINE 


104 (SHEET 5) a 
057 (SHEET 6) 


05 
0 1 


22 
LINP, LCNT LINP, LONT 


22 
05 
<n > 
5 


1 22 
LCLR LINP, LONT 


TO 076 


(SHEET 9) 
ie 07 
17 17 17 


TO 071 TO 174 TO 136 
t (SHEET 8) (SHEET 11) (SHEET 10) | 


Figure 8-15. Operating Program Flow Chart (7B of 14) 
8-35 


Service 


8a 


omens POSITIVE-CONVERSION SUBROUTINE 071 


8-36 


FROM MEASUREMENT SUBROUTINE (SHEET 7) 


ENABLE LINEAR 
POSITIVE-CONVERSION 
RAMP 


ENABLE LINEAR 
POSITIVE-CONVERSION 
RAMP COUNT 


A-D 
CONVERTER 

OUTPUT 
POSITIVE 


ENABLE LINEAR 
POSITIVE CONVERSION 
RAMP 


100 
COUNTS 
OR MORE 


YES 


DISABLE RAMP DISABLE RAMP DISABLE RAMP 
EXTINGUISH OVER/ EXTINGUISH OVER/ EXTINGUISH OVER/ 
UNDER RANGE LEDS UNDER RANGE LEDS UNDER RANGE LEDS 


TO UNDER RANGE TO DISPLAY AND TO OVER RANGE 
SUBROUTINE REMOTE TALK SUBROUTINE 
(SHEET 11) SUBROUTINE (SHEET 12) 
(SHEET 14) 


Figure 8-15. Operating Program Flow Chart (8A of 14) 


Model 436A 


Model 436A Service 


LINEAR POSITIVE CONVERSION SUBROUTINE 


FROM 037 
(SHEET 7) 


TO 174 
(SHEET 11) 


Figure 8-15. Operating Program Flow Chart (8B of 14) 


8-37 


Service Model 486A 


9a 


FROM MEASUREMENT SUBROUTINE (SHEET 7) 


LINEAR NEGATIVECONVERSION SUBROUTINE 076 


8-38 


ENABLE LINEAR 
NEGATIVE-CONVERSION 
RAMP 


A-D 
CONVERTER 
QUTPUT 
NEGATIVE 


NO 


ENABLE LINEAR 
NEGATIVE-CONVERSION 
RAMP 
CLOCK MAIN COUNTER 


ENABLE LINEAR 
NEGATIVE-CONVERSION 
RAMP 


NEGATIVE 


100 
COUNTS 
OR MORE 


YES 


DISABLE RAMP DISABLE RAMP DISABLE RAMP 
EXTINGUISH OVER/ EXTINGUISH OVER/ EXTINGUISH OVER/ 
UNDER RANGE LEDS jf UNDER RANGE LEDS UNDER RANGE LEDS 
foooeck’ j eineest'|| ale arenes toaeen eee ae le pS ee ews it So 
TO UNDER RANGE TO DISPLAY AND TO OVER RANGE 
SUBROUTINE REMOTE TALK SUBROUTINE 
(SHEET 11) SUBROUTINE (SHEET 12) 
(SHEET 14) 


Figure 8-15. Operating Program Flow Chart (9A of 14) 


Model 436A Service 


FROM 065 
(SHEET 7) 


076 077 


TO 174 
(SHEET 11) 


COUNTER 
21200 


TO 147 TO 177 
(SHEET 12) (SHEET 14) 


Figure 8-15. Operating Program Flow Chart (9B of 14) 


8-39 


Service Model 486A 


10a 


FROM MEASUREMENT SUBROUTINE (SHEET 7) 


LOG CONVERSION SUBROUTINE 136 


ENABLE LOG 
CONVERSION 
RAMP 


ENABLE LOG 
CONVERSION RAMP 


CLOCK MAIN COUNTER 


ENABLE LOG 
CONVERSION 
RAMP 


NO 


YES 


DISABLE RAMP 
EXTINGUISH OVER/ 


DISABLE RAMP 
EXTINGUISH OVER/ 
UNDER RANGE LEDS 


UNDER RANGE LEDS 


TO RELATIVE dB TO OVER RANGE 
SUBROUTINE SUBROUTINE 
(SHEET 11) (SHEET 12) 


Figure 8-15. Operating Program Flow Chart (10A of 14) 
8-40 


Model 436A 


LOG CONVERSION SUBROUTINE 
oe 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


107 (SHEET 7) 


o 
o 
~ 

= 

ay 


07 23 03 
TO 170 LCOR LRMP, LONT LRMP 


REL dB 
(SHEET 11) 


23 03 03 
LRMP, LCNT LRMP LRMP 


07 23 0 
LCOR LRMP, LCNT LRMP 


o 
oy 
oO 
ay 


07 23 03 03 

LCOR LRMP, LONT LRMP LRMP 
23 03 03 

LRMP, LCNT LRMP LRMP 


( cor ) (LRMP, LENT ) LCNT C LRMP ) ( LRMP ) 


CON’D ON NEXT PAGE 


Figure 8-15. Operating Program Flow Chart (10B of 14) 


Service Model 486A 


10c 


LOG CONVERSION SUBROUTINE Cont'd 
Fe Le Te en a, er eh 


CONT'D FROM 


PRECEEDING PAGE 


(SHEET 12) 


TO 170 REL dB 
(SHEET 11) 


| 
| 
| 
| 
| 
| 
| TO 147 
| 
| 
| 
| 
| 
| 
| 


Figure 8-15. Operating Program Flow Chart (10C of 14) 


Model 436A Service 


(This page is intentionally left blank) 


8-43 


Service Model 486A 


tla 


RELATIVE dB SUBROUTINE 


FROM LOG CONVERSION SUBROUTINE (SHEET 10) 


[Oy a Sat, hema ys aig maces ote eee ee a Toni eeeg aa ce ok Se be nna 
| MODE SELECTED | 
| LOAD CONTENTS OF | 
REFERENCE REGISTER 
INTO RELATIVE | 
LOAD CONTENTS OF 1 
COUNTER COUNT 
glass Li RELATIVE COUNTER 
| REFERENCE REGISTER DOWN 1 COUNT | 
COUNT RELATIVE 
| COUNTER DOWN | 
(1 COUNT) 
CLOCK MAIN COUNTER 
| RELATIVE | 
OUNTER GENERATES 
| BORROW | 
He Pe ee eS ee ee ey a, Reads ee I 
TO DISPLAY AND 
WD REMOTE TALK 
SUBROUTINE (SHEET 14) 
FROM 
I MEASUREMENT SUBROUTINE (SHEET 7) 
LINEAR POSITIVE- CONVERSION SUBROUTINE (SHEET 8) 
UNDER RANGE SUBROUTINE 174 LINEAR NEGATIVE- CONVERSION SUBROUTINE (SHEET 9) 
ER RANGE SUBROUTINE | ero So ee ey eee EO yb eh heal pads 4 
| NO RANGE YES ; 
LIGHT UNDER 
| RANGE LED 
| YES MAUTO-RANGING | 
ENABLED 
BLANK | 
| DISPLAY | 
| YES RANGE NO | 
! 40R5 
COUNT RANGE COUNT RANGE | 
| DOWN 1 DOWN 1 | 
hee Ane pee tere eee UR Pape aT Ra tS tek eS ee Bee al AL oat 


8-44 


TO OVER/UNDER 


TO AUTO ZERO TO DELAY 

SUBROUTINE SUBROUTINE RANGE CONTINUE 
SUBROUTINE 

Bo rea alle (SHEET 12) 


Figure 8-15. Operating Program Flow Chart (11A of 14) 


Model 436A 


RELATIVE dB SUBROUTINE 
= 


ce el 


LOG CONVERSION 
SUBROUTINE 
(SHEET 10) 


2 
LREL, LONT 


Figure 8-15. 


UNDER RANGE SUBROUTINE 


051 (SHEET 7) 
067 (SHEET 8) 
077 (SHEET 9) 


TO 177 
(SHEET 14) 


TO 047 
(SHEET 12) 


TO 056 
(SHEET 6) 


TO 036 
(SHEET 13) 


Operating Program Flow Chart (11B of 14) 


8-45 


Service 


12a 


8-46 


FROM 
POSITIVE LINEAR-CONVERSION SUBROUTINE (SHEET 8) 
NEGATIVE LINEAR-CONVERSION SUBROUTINE (SHEET 9) 
LOG CONVERSION SUBROUTINE SHEET 10) 


OVER RANGE SUBROUTINE 147 


- AUTO- 
RANGING 
ENABLED 


NO 


YES 


LIGHT OVER LIGHT OVER 
RANGE LED RANGE LED 


RANGE YES 
2,3, OR 4 


NO 
1 


COUNT RANGE 


COUNTER UP 1 
: RANGE 10R 5 


COUNT RANGE 
COUNTER UP 1 


—————-—--~—-~--— 


TO OVER/UNDER 


N RANGECONTINUE @)¥%4| D 
SUBROUTINE 
OVER/UNDER RANGE (SHEET 12) TO DELAY TO AUTO ZERO 
CONTINUE SUBROUTINE 047 SUBROUTINE (SHEET 13) SUBROUTINE (SHEET 6) 


WATTS 


MODE NO 


ENABLED 
YES CLEAR MAIN COUNTER 
AND SET SIGN 
FLIP-FLOP 


dB [REF] 
SWITCH 
PRESSED 


LOAD CONTENTS OF 
MAIN COUNTER INTO 
REFERENCE REGISTER 


TO DISPLAY AND REMOTE TALK SUBROUTINE 
(SHEET 14) 


Figure 8-15. Operating Program Flow Chart (12A of 14) 


Model 436A 


Model 436A 


OVER RANGE SUBROUTINE 
oe 


FROM 
075 (SHEET 8) 134 (SHEET 9) 
164, 165, 167 (SHEET 10) 


147 


TO 056 (SHEET 6) 


Gin GD) 


TO 036 (SHEET 13) 


OVER/UNDER RANGE CONTINUE SUBROUTINE 


| FROM 175,176 (SHEET 11) | 


Figure 8-15. Operating Program Flow Chart (12B of 14) 


Service 


12b 


8-47 


Service 


13a 


DELAY SUBROUTINE 


8-48 


FROM 


REMOTE INITIALIZE SUBROUTINE (SHEET 5) 
UNDER RANGE SUBROUTINE (SHEET 11) 
OVER RANGE SUBROUTINE (SHEET 12) 


CLEAR MAIN COUNTER 
AUTO-ZERO A-D CON- 
VERTER 5 TIMES 
(8000 COUNTS EACH) 
CLEAR MAIN COUNTER 


REMOTE 
ENABLED 


AUTO-ZERO A-D 
CONVERTER TWICE 
(8000 COUNTS EACH) 

CLEAR MAIN COUNTER 


TO AUTO ZERO 
SUBROUTINE (SHEET 6) 


Figure 8-15. Operating Program Flow Chart (13A of 14) 


Model 436A 


Model 436A Service 


DELAY SUBROUTINE 
iG 


SUT as ae S 
| | 
FROM 
| 031 (SHEET 5) | 
105 (SHEET 11) 
| 143 (SHEET 12) | 
| E 5 . 
| i | 
| Se oe | 
| | 
| | 
| 7 <a | 
| aS aly | 
: cD) Creare) | 
: ain | 
| | 
<s 
| 21 15 35 | 
| : 
| aa Ca] ae, | 
| i | 
| <n > <P | 
| GD) Cut) cp) | 
| | 
| 17 [Ea | 
| LES <> , 
| | 
| TO 056 | 
(SHEET 6) 
| | 
| | 
| | 
ney EE, palin pee ama at Spl Si te i TY PN A ga a ec LO Z| 


Figure 8-15. Operating Program Flow Chart (13B of 14) 
8-49 


Service 


14a 


FROM 
LINEAR POSITIVE CONVERSION SUBROUTINE (SHEET 8) 
LINEAR NEGATIVE-CONVERSION SUBROUTINE (SHEET 9) 
RELATIVE dB SUBROUTINE (SHEET 11) 
OVER/UNDER RANGE CONTINUE SUBROUTINE (SHEET 12) 


DISPLAY AND REMOTE TALK SUBROUTINE 77 


ji 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


[| a i RN DR er ene = 21 ae ge 


8-50 


DISPLAY 
COUNT AND 
SIGN 


AUTO-ZERO A-D 
CONVERTER 
(1 COUNT) 


REMOTE TALK 
SELECTED 


BUS 
READY FOR 
DATA 


BUS 
CONNECTED 
SET DATA 
VALID LINE 


" DATA 
ACCEPTED 


RESET DATA 
VALID LINE 


REMOTE 
SELECTED 


AUTO-ZERO A-D 
CONVERTER 
(1 COUNT) 


B A 


TO LOCAL TO LOCAL/REMOTE 
INITIALIZE SUBROUTINE BRANCH SUBROUTINE 
(SHEET 6) (SHEET 4) 


Figure 8-15. Operating Program Flow Chart (14A of 14) 


Model 436A 


Model 436A Service 


072, 074 (SHEET 8) 
131, 133 (SHEET 9) 
170, 173 (SHEET 11) 
047, 050 (SHEET 12) 


<a 


(REMOTE) 


TO 052 
(SHEET6) 
(MORE DATA) (MORE DATA) 


TO 026 
(SHEET 4) 


Figure 8-15. Operating Program Flow Chart (148 of 14) 


Service Model 436A 


Table 8-3. Standard Instrument Checkout (1 of 17) 


Instrument Setup and Test Procedure Test Description and Key Operating Sequence 


Connect Range Calibrator to Power Meter and NOTE 

set equipment controls as follows: If the Power Meter is equipped with 
either remote interface option (002 
or 024), remove both the A6 and A7 
Assemblies before performing the 
standard checkout procedure. 


Range Calibrator 
FUNCTION. . . . . CALIBRATE 
POLARITY . 2 2 eeNORMAL 
RANGE.) 3. = 2. 2 #30-mW 

LINE ON 


DESCRIPTION — This step verifies that the power supplies are oper- 
ating properly, that the Power Meter powers up normally, and that 
the Power Meter is capable of displaying a WATT MODE, range 5 
30% input power level. 


Power Meter 
CAL FACTOR 2:. (2) a100 

POWERREF. . . . Off (out) 
MODE... ace 2) ee WATT 
RANGEHOLD . . . ON (in) 
LINE ON 


When power is first applied verify that digi- 
tal readout is blanked. Then wait two sec- 
onds for display to stabilize and verify 
that: 


NOTE 
If Power Supply outputs are not within 
specifications, the ROMs used in the in- 
strument may provide random outputs, 
thereby causing the Power Meter to oper- 
ate erratically. 


KEY OPERATING SEQUENCE 


Power Up Subroutine 
Refer to Table 8-6, Operating Program Descriptions 


a. Power Supply outputs are: 
+15.0 + 0.5 Vde; less than 0.01 Vac 
ripple and noise 
—15.0 + 0.5 Vde; less than 0.01 Vac 
ripple and noise 
+5.00 +0.25 Vdc; less than 0.01 Vac 
ripple and noise. 


. Digital Readout indicates 31.6 +8.0 mW. 


Local Initialize Subroutine 
Branch to Auto Zero Subroutine 


Auto Zero Subroutine 
Refer to Table 8-6, Operating Program Descriptions 


Measurement Subroutine 


NOTE 
A-D Converter input voltage at DC test 
point (A3TP4 should be stabilized at 
+0.316 + 0.080 Vdc at address 061. 


c. mW lamp is lit and all other front-panel 
lamps are not lit. 


Load input voltage into A-D Converter (ramp amplitude at 
RMP test point A3TP2 is 2.24 + 0.57 Vp-p). 


Initiate linear positive-conversion and branch to Linear 
Positive-Conversion Subroutine. 


Linear Positive Conversion Subroutine 
Detect YPLS = 0 at address 072 (633 + 160 clock pulse, 
10.5 + 2.7 ms after address 071). 


Clear OVER and UNDER RANGE indications 
Branch to Display and Remote Talk Subroutine 


Display and Remote Talk Subroutine 
Display main counter output (316 + 80) and positive sign 
(off) 
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Table 8-3. Standard Instrument Checkout (2 of 17) 


instrument Setup and Test Procedure Test Description and Key Operating Sequence 


Turn Power Meter CAL ADJ control DESCRIPTION — The previous step verified program execution up 

slightly clockwise and counterclockwise to the first address of the Display and Remote Talk Subroutine. 

and verify that indication on Digital This step verifies that the Power Meter CAL ADJ control is opera- 

Readout increases and decreases. tional and that the program branches from the Display and Remote 
Talk Subroutine to the Local Initialize Subroutine, and then con- 
tinues to cycle. 


KEY OPERATING SEQUENCE — Program execution and circuit 
operation verified in previous step except as indicated below. 


Display and Remote Talk Subroutine 
Branch to Local Initialize Subroutine . 


Measurement Subroutine 
NOTE 


Voltage at DC test point A3TP4 should vary as CAL 
ADJ control is rotated. 


Ramp amplitude at RMP test point A3TP2 changes in pro- 
portion to voltage change at DC test point A3TP4 (1 mV 
change at A3TP4 = 7.1 mV change in p-p ramp amplitude). 


Set Range Calibrator RANGE switch to DESCRIPTION — This step verifies that the Power Meter is capable 
100 mW and adjust CAL ADJ control to of properly displaying a WATT MODE, Range 5 100% input 
obtain 100.1 indication on Digital power level. 
Readout. 
KEY OPERATING SEQUENCE — Program execution and circuit 
operation previously verified except as indicated below: 


Measurement Subroutine 
Voltage at DC test point A3TP4 is adjustable to 1.001 
+ 0.003V. Ramp amplitude at RMP test point A3TP2 
is 7.1 Vp-p. 

Linear Positive Conversion Subroutine 
Detect YPLS = 0 at address 074 (2004 clock pulses, 


33.4 ms, after address 071). 
Branch to Display and Remote Talk Subroutine. 


Turn Power Meter CAL ADJ control to DESCRIPTION — This step verifies that the CAL FACTOR % switch 

obtain 100.0 mW indication, then set is operating properly and that the Power Meter is capable of properly 

CAL FACTOR % switch, in turn, to each | displayinga WATT MODE, Range 5 117% input power level. 

position. Verify that the indications 

given on the following page are obtained. | KEY OPERATING SEQUENCE — Program execution and circuit 
operation previously verified except as indicated on the following 


page. 
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94 
93 
92 
91 
90 
89 
88 
87 
86 
85 


Table 8-3. Standard Instrument Checkout (3 of 17) 


Indication 


101.0 +0.2 mW 
102.0 +0.2 mW 
103.1 +0.2 mW 
104.2 +0.2 mW 
105.3 +0.2 mW 
106.4 +0.2 mW 
107.5 +0.2 mW 
108.7 +0.2 mW 
109.9 +0.2 mW 
111.1 +0.2 mW 
112.4 +0.2 mW 
113.6 +0.2 mW 
114.9 +0.2 mW 
116.3 +0.2 mW 
117.6 +0.2 mW 


Model 486A 


Test Description and Key Operating Sequence 


CAL FACTOR % 
Switch 
Position 


99 
98 
oF 
96 
95 
94 
93 
92 
OL 
90 
89 
88 
87 
86 
85 


A-D Converter 

Input Voltage 

(DC test point 
A3TP4) 


1.010 +0.002 
1.020 +0.002 
1.031 +0.002 
1.042 +0.002 
1.053 +0.002 
1.064 +0.002 
1.075 +0.002 
1.087 +0.002 
1.099 +0.002 
1.111 +0.002 
1.124 +0.002 
1.136 +0.002 
1.149 +0.002 
1.163 +0.002 
1.176 +0.002 


A-D Converter 

Ramp Amplitude 

(RMP test point 
A3TP2) 


7.171 0.014 
7.242 +0.014 
7.320 +0.014 
7.398 +0.014 
7.467 +0.014 
7.554 +0.014 
7.633 +0.014 
7.718 +0.014 
7.803 +0.014 
7.889 +0.014 
7.980 +0.014 
8.066 +0.014 
8.158 +0.014 
8.257 +0.014 
8.350 +0.014 


Turn Power Meter CAL ADJ control 
clockwise as required to obtain OVER 
RANGE indication; i.e., Digital Read- 
out is blanked and OVER RANGE 
indicator is lit. 


DESCRIPTION — This step verifies that the Power Meter is 
capable of detecting and indicating an OVER RANGE indication. 


KEY OPERATING SEQUENCE — Program execution and circuit 
operation previously verified except as indicated below: 


Measurement Subroutine 
A-D Converter Input Voltage at DC test point A3TP4 is 
adjustable to greater than +1.200V. 


Ramp amplitude at RMP test point A3TP2 is greater 
than 8.4 Vp-p. 


Linear Positive-Conversion Subroutine 
Branch from address 075 to Over Range Subroutine (2403 
clock pulses, 33.4 ms, after start address 071). 


Over Range Subroutine 
Light OVER RANGE indicator and blank Digital Readout 
8 ae) ies 


Branch to Over/Under Range Continue Subroutine. 


Over/Under Range Continue Subroutine 
Branch to Display and Remote Talk Subroutine. 
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Instrument Setup and Test Procedure 


Turn Power Meter CAL ADJ control 
counterclockwise until OVER RANGE 
lamp goes out and indication appears 
on Digital Readout. 


Set CAL FACTOR % switch to 100 and 
turn Power Meter CAL ADJ control 
counterclockwise until Digital Readout 
indicates 99.0 mW. Then set Range 
Calibrator RANGE switch to 10 mW 
and verify that Digital Readout indi- 
cates 9.8 + 0.2 mW and that UNDER 
RANGE indicator lights. 


Test Description and Key Operating Sequence 


DESCRIPTION— This step verifies that the Power Meter is capable 
of detecting the end of an over range condition and resetting the 
front-panel display accordingly. 


KEY OPERATING SEQUENCE — Program execution and circuit 
operation previously verified except as indicated below: 


Over Range Subroutine 
Branch to Over/Under Range Continue Subroutine when 
over range condition exists. 


Over/Under Range Continue Subroutine 
Branch to Display and Remote Talk Subroutine when over 
range condition exists. 

Measurement Subroutine 
A-D Converter input voltage at DC test point A3TP4 de- 
creases to less than 1.200V. 
Ramp amplitude at RMP test point A3TP2 decreases to 
less than 8.5 Vp-p. 


Linear Positive-Conversion Subroutine 
Detect YPLS = 0 at address 074; reset OVER RANGE indi- 
cation and clear blanked display. 


DESCRIPTION — This step verifies that the Power Meter is capable 
of detecting and indicating an under-range condition. 


KEY OPERATING SEQUENCE — Program execution and circuit 
operation previously verified except as indicated below: 


Measurement Subroutine 
A-D Converter input voltage at DC test point A3TP4 is 
0.098 + 0.001V. 
Ramp amplitude at RMP test point A3TP2 is 0.696 
+ 0.014 Vp-p. 


Linear Positive Conversion Subroutine 
YPLS = 0 detected at address 067 (delay = 198 + 2 clock 
pulses, 3.3 ms, after start address 071). 


Branch to Under Range Subroutine. 


Under Range Subroutine 
Light UNDER RANGE indicator. 


Branch to Over/Under Range Continue Subroutine. 
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Instrument Setup and Test Procedure 


Set Power Meter RANGE HOLD switch to 
off (out) and verify that Power Meter auto- 
ranges to range 4 according to the follow- 
ing sequence: 


Test Description and Key Operating Sequence 


DESCRIPTION — This step verifies the capability of the Power 
Meter to auto-range from range 5 to range 4, and to display a 
range 4 100% input power level. 


KEY OPERATING SEQUENCE — Program execution and circuit 
operation previously verified except as indicated below: 


Under Range Subroutine (RANGE HOLD switch set to on) 
"Branch to Over/Under Range Continue Subroutine (pre- 
vious step verified that LSUR instruction was generated 

but did not verify branch). 


a. mW lamp remains lit. 


b. Digital Readout blanks momentarily 
and decimal point moves one position 
to left. 


. Digital Readout indication changes 
from blanked to 9.90 + 0.08 mW and 
UNDER RANGE lamp goes out. 


Under Range Subroutine (RANGE HOLD switch set to off) 
Blank Digital Readout. 

Count range counter down one range. 

Branch to Auto Zero Subroutine. 


Auto Zero Subroutine 
A-D Converter input at DC test point A3TP4 stabilizes at 
0.980 + 0.020 Vdc prior to branch to Measurement 

Subroutine. 


Set Range Calibrator RANGE switch to 
100 mW and verify that Power Meter auto- 
ranges back to range 5 according to the 
following sequence: 


DESCRIPTION — This step verifies the capability of the Power 
Meter to auto-range from range 4 to range 5. 


KEY OPERATING SEQUENCE — Program execution and circuit 
operation previously verified except as indicated below: 


a. mW lamp remains lit. 


b. Digital Readout blanks momentarily, 
decimal point moves one position to 
left, and OVER RANGE indicator 
lights momentarily. 


Measurement Subroutine (range 4) 
A-D Converter input voltage at DC test point A3TP4 rises 
to greater than +1.200V. 


Over Range Subroutine 
Blank Digital Readout and light OVER RANGE indicator. 
Count range counter up one range. 

Branch to Auto Zero Subroutine. 


c. Digital Readout indication changes 
from blanked to 99.0 mW. 


Auto Zero Subroutine 
A-D Converter input voltage at DC test point A3TP4 stabilizes 
at 0.990 + 0.005V prior to branch to Measurement Sub- 

routine. 


NOTE 


As previously verified, OVER RANGE indicator is 
reset and Digital Readout is unblanked in subsequent 
Linear Positive-Conversion Subroutine. 


Model 436A Service 


Table 8-3. Standard Instrument Checkout (6 of 17) 


Instrument Setup and Test Procedure Test Description and Key Operating Sequence 


Set Power Meter RANGE HOLD switch to 
on (in) and Range Calibrator FUNCTION 
switch to STANDBY. Adjust DC OFF 
potentiometer A3R2 as required to obtain 
00.0 mW indication with blinking — sign. 


DESCRIPTION — This step adjusts DC OFF potentiometer 
A3R2 as required to remove any dc voltage introduced by 
the dc amplifier. 


KEY OPERATING SEQUENCE — Program execution and 
circuit operation previously verified except as indicated 
below: 


Measurement Subroutine 
A-D Converter input voltage at DC test point A3TP4 
is adjustable to 0.000. 

Branch randomly to Linear Positive- and Negative- 

Conversion Subroutines. 


Linear Positive-Conversion Subroutine 
(Reference; previously verified). 
Branch to Under Range Subroutine. 


Linear Negative-Conversion Subroutine 
Branch to Under Range Subroutine 


Set Range Calibrator RANGE switch to 
100 mW and FUNCTION switch to CALI- 
BRATE. Adjust FREQ potentiometer A3R69 
to obtain maximum indication on Digital 
Readout and verify that frequency at A2TP5 
is 220 £16. Hz. 


DESCRIPTION — This step adjusts the reference frequency 
of the Power Meter. 


KEY OPERATING SEQUENCE — Program execution 
previously verified; refer to Service Sheet 7 for circuit 
operation. 


Adjust Power Meter CAL ADJ control to 
obtain 1.000 Vdc indication at rear-panel 
RECORDER output and LIN potentiometer 
A8R87 to obtain 100.0 indication on Digi- 
tal Readout. Then set Range Calibrator 
RANGE switch to 10 mW and verify that 
Digital Readout indicates 10.0 mW. 


DESCRIPTION — This step adjusts the linear positive- 
conversion slope of the A-D ramp. 


KEY OPERATING SEQUENCE — Program execution 
previously verified; refer to Service Sheet 8 for circuit 
operation. 


Set Range Calibrator RANGE switch to 3 mW 
and release Power Meter RANGE HOLD 
switch. Verify that Power Meter auto-ranges 
to range 4 (refer to step 8) and that Digital 
Readout indicates 3.16 + 0.4 mW. 


DESCRIPTION — The primary purpose of this step is to 
set up reference conditions for the next step; it is essen- 
tially the same as step 8 except that a range 4 30% input 
power level is applied to cause auto-ranging. 


KEY OPERATING SEQUENCE — Program execution 

and circuit operation previously verified except for range 4 
rise time of A-D Converter input voltage at DC test point 
A38TP4. 


Auto Zero Subroutine 
A-D Converter input voltage at DC test point A3TP4 
stabilizes at 0.316 + 0.002V by end of Auto Zero 


Subroutine (delay of 8000 clock pulses, 133 ms, after 
start address 056). 
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Instrument Setup and Test Procedure Test Description and Key Operating Sequence 


DESCRIPTION — This step verifies that the Power Meter will auto- 
range from range 4 to range 3 when the input power level is 
changed from a range 4 30% level to a range 3 30% level. 


Set Range Calibrator RANGE switch to 
300 uW and verify that Power Meter auto- 
ranges to range 3 (refer to step 8) and that 
Digital Readout indicates .316 + .01 mW. 


KEY OPERATING SEQUENCE — Program execution and circuit 
operation previously verified except for range counter range 3 out- 
put and range 3 A-D Converter input voltage rise time at A3TP4. 


Measurement Subroutine (1st cycle after new input level) 
A-D Converter input voltage at DC test point A3TP4 de- 
creases to less than 0.100V (range 4 selected). 


Under Range Subroutine 
Count range counter down one range to range 3. 


Local Initialize Subroutine 
Branch to Auto Zero Subroutine. 


Auto Zero Subroutine 
A-D Converter input voltage at DC test point A3TP4 

stabilizes at 0.316 + 0.002V by end of Auto Zero Sub- 
routine (delay of 8000 clock pulses, 133 ms, after start 
address 056). 


Set Range Calibrator RANGE switch to 
30 uW and verify that Power Meter auto- 
ranges to range 2 according to the follow- 
ing sequence: 


DESCRIPTION — This step verifies that the Power Meter will 
auto-range from range 3 to range 2 when the input power level 
is changed from a range 3 30% level to a range 2 307% level. 


KEY OPERATING SEQUENCE — Program execution and circuit 


a. Digital Readout blanks (0_ . _ ) momen- operation previously verified except as indicated below: 


tarily and UNDER RANGE lamp lights 


momentarily. Measurement Subroutine (1st cycle after new input level) 


A-D Converter input voltage at DC test point A3TP4 de- 


b, mW lamp goes out, 1W lamp lights, and creases to less than 0.100V (range 3 selected). 


decimal point moves two places to right 


while Digital Readout is blanked. Under Range Subroutine 


Light UNDER RANGE indicator (address 174) . 
Blank Digital Readout (reference; previously verified). 
Branch to Delay Subroutine. 


c. Digital Readout indication changes from 
blanked to 31.6 + 1.0 mW. 


Delay Subroutine 
Auto Zero A-D Converter (40,000 clock pulses, 666 ms). 
Branch to Auto Zero Subroutine. 


Auto Zero Subroutine 
A-D Converter input voltage (A3TP4) stabilizes at 0.316 
+0.10V by end of Auto Zero Subroutine (delay of 8000 
counts, 133 ms, after start address 056). 


NOTE 


As previously verified, UNDER RANGE indica- 
tion is reset and Digital Readout is unblanked in 
first subsequent Linear Positive Conversion 

Subroutine. 
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Instrument Setup and Test Procedure Test Description and Key Operating Sequence 


Set Power Meter RANGE HOLD switch to DESCRIPTION — This step is a course adjustment of the ZERO 
on (in) and Range Calibrator FUNCTION OFF potentiometer; it provides a proper reference for the spike 
switch to STANDBY. Press Power Meter balance adjustment performed in the next step. 

SENSOR ZERO switch and verify that u.W 
lamp remains lit and that ZERO lamp lights 
and remains lit for approximately four sec- 
onds. Adjust ZERO OFF potentiometer 
A3R47 as required to obtain 00.0 indication 
with blinking — sign when ZERO lamp is lit, 
and verify that indication remains at 
00.0 + 00.2 when ZERO lamp goes out. 


KEY OPERATING SEQUENCE — Program execution and circuit 
operation previously verified except as indicated below: 


a. Power Meter remains configured in WATT MODE (refer 
to Service Sheet 3, Mode Selection). 


b. Voltage at DC test point A3TP4 is adjustable to +0.010V. 


Set Range Calibrator FUNCTION switch to 
CALIBRATE and RANGE switch to 100 uW. 
Observe indication on Digital Readout and 
adjust Power Meter CAL ADJ control to ob- 
tain 100.0 pW indication. Then press and 
hold SENSOR ZERO switch and adjust BAL 
potentiometer A3R65 as required to obtain 
60.0 + 0.2 uW indication while ZERO lamp 
is lit. 


DESCRIPTION — This step adjusts BAL potentiometer A3R65 
to center the sensor zero circuit output voltage range (Service 
Sheet 8). 


KEY OPERATING SEQUENCE — Program execution and circuit 
operation previously verified except as indicated below: 


a. Voltage at DC test point A3TP4 is adjustable to 
1.000 +0.002V when SENSOR ZERO switch is 
not pressed. 


. Voltage at DC test point A3TP4 is adjustable to 
0.600 + 0.002V with BAL potentiometer A3R65 
when SENSOR ZERO switch is pressed. 


Set Range Calibrator FUNCTION switch to 
STANDBY, then press and release Power 

Meter SENSOR ZERO switch. Verify that 
Digital Readout indication changes back to 
00.0 with blinking — sign while ZERO lamp 
is lit and remains at 00.0 + 00.2 when ZERO 
lamp goes out. 


DESCRIPTION — This step rezeros the Power Sensor to estab- 
lish the proper reference conditions for the next step. 


Set Range Calibrator RANGE switch to 3uW 
and FUNCTION switch to CALIBRATE. 
Verify that an UNDER RANGE indication is 
observed, then release Power Meter RANGE 
HOLD switch and verify that Power Meter 
auto-ranges to range 1 according to the fol- 
lowing sequence: 

a. uwW lamp remains lit. 

b. Digital Readout blanks momentarily and 
UNDER RANGE lamp lights momentarily; 
decimal point moves one position to left 
while Digital Readout is blanked. 

c. Digital Readout indication changes from 

blanked to 3.16 + 1.0 mW. 


DESCRIPTION — This step verifies the capability of the Power 
Meter to auto-range from range 2 to range 1 and to properly display 
a range 1 30% input power level. 


KEY OPERATING SEQUENCE — Program execution and circuit 
operation previously verified except as indicated below: 


a. A-D Converter input voltage at DC test point A3TP4 is 0.032 + 
0.01V when RANGE HOLD switch is set to on (in). 

b. Range counter is counted down to range 1 during Under Range 
Subroutine when RANGE HOLD switch is set to off. 

c. Program branches from Local Initialize Subroutine (address 054) 
to Auto Zero Subroutine. 

d. A-D Converter input voltage at DC test point A3TP4 rises to 
0.316 + 0.01V within ten seconds after range counter is counted 

down to range 1. 
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Instrument Setup and Test Procedure Test Description and Key Operating Sequence 


Set Range Calibrator FUNCTION switch to DESCRIPTION — This step provides fine adjustment of the 
STANDBY, press Power Meter SENSOR ZERO OFF potentiometer. 
ZERO switch, and adjust ZERO OFF po- 
tentiometer A3R47 as required to obtain 
0.00 + 0.02 indication with blinking — sign 
while ZERO lamp is lit. Verify that 
UNDER RANGE lamp does not light and 
that Digital Readout indication remains at 
00.0 + 0.02 when ZERO lamp goes out. 


NOTE 


Power Meter is now calibrated for 
WATT MODE operation and zeroed 
on the most sensitive range. 


KEY OPERATING SEQUENCE — Program execution and circuit 
operation previously verified except as indicated below: 


a. When A-D Converter input voltage at DC test point A3TP4 
decreases to less than 0.100V after FUNCTION switch is 

* set to STANDBY, operating program branches from Under 

Range Subroutine (address 175) to Over/Under Range Con- 

tinue Subroutine. 


b. A-D Converter input voltage at DC test point A3TP4 is 
adjustable to +0.002V. 


Set Range Calibrator RANGE switch to 
30 wW and FUNCTION switch to CALI- 
BRATE. Verify that Power Meter auto- 
ranges to range 2 (uW lamp is lit and 

decimal point is positioned immediately 
to left of least significant digit) and Digi- 
tal Readout indicates 31.6 + 0.2 uW. 


DESCRIPTION — This step verifies that the Power Meter will 
auto-range from range 1 to range 2 when a range 2 28% input 
power level is applied. 


KEY OPERATING SEQUENCE — Program execution and circuit 
operation previously verified except as indicated below: 


a. A-D Converter input voltage at DC test point A3TP4 rises to 
greater than 1.200V in less than 10 seconds. 


. Range counter is counted up to range 2 during Over Range 
Subroutine and program branches to Delay Subroutine 
(address 143). 


c. A-D Converter input voltage at DC test point A3TP4 is 
stabilized at 0.316V by end of first Auto Zero Subroutine 
following Over Range Subroutine. 


Set Range Calibrator RANGE switch to 
300 uW and verify that Power Meter auto- 
ranges to range 3 (uW lamp goes out and 

mW lamp lights; decimal point moves two 
positions to left) and that Digital Readout 
indicates 0.316 + 0.002 mW. 


DESCRIPTION — This step verifies that the Power Meter will 
auto-range from range 2 to range 3 when a range 3 28% input power 
level is applied. 


KEY OPERATING SEQUENCE — Program execution and circuit 
operation previously verified except as indicated below: 


a. A-D Converter input voltage at DC test point A3TP4 rises 
to greater than 1.200V within one second after input level 
is changed. 


. Range counter is counted up to range 3 during Over Range 
Subroutine and program branches to Auto Zero Subroutine 
(address 146). 


. A-D Converter input voltage at DC test point A3TP4 is 
stabilized at 0.316V by end of Auto Zero Subroutine. 
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Step | Instrument Setup and Test Procedure Test Description and Key Operating Sequence 


Set Range Calibrator RANGE switch to DESCRIPTION — This step verifies that the Power Meter will auto- 
3 mW and verify that Power Meter auto- range from range 3 to range 4 when a range 4 28% input signal 

ranges to range 4 (decimal point moves level is applied. 
one place to right, mW lamp remains lit). 


KEY OPERATING SEQUENCE — Program execution and circuit 
operation previously verified except as indicated below: 


a. A-D Converter input voltage at DC test point A3TP4 rises 
to greater than 1.200V within 0.10 second after level 
is changed. 


. Range counter is counted up to range 4 during Over Range 
Subroutine (program branching and instructions previously 
verified). 


. A-D Converter input voltage at DC test point A3TP4 is 
stabilized at 0.316V by end of Auto Zero Subroutine. 


Set Power Meter RANGE HOLD switch 
to on (in) and _ Range Calibrator FUNC- 
TION switch to STANDBY. Then set 
dBm MODE switch to on (in) and veri- 
fy that indication changes as follows: 


DESCRIPTION= This step verifies that the Power Meter can be 
configured for dBm MODE measurements. 


KEY OPERATING SEQUENCE — Program execution and circuit 
operation previously verified except as indicated below: 


a. UNDER RANGE lamp remains lit. 


Local Initialize Subroutine 
Mode Register loaded 


b. mW lamp goes out and dBm lamp 
lights. 


Measurement Subroutine 
A-D Converter input voltage at DC test point A3TP4 is 
0.000 + 0.002V. 


Main counter is preset to 0000. 


c. Digital Readout blanks (O_. _ ). 


Sign is preset positive. 
UNDER RANGE indicator is lighted. 
Digital Readout is blanked. 


Branch to Under Range Subroutine. 
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Instrument Setup and Test Procedure Test Description and Key Operating Sequence 


Set Range Calibrator RANGE switch to DESCRIPTION — This step sets the A-D Converter Log Con- 
0 dBm and FUNCTION switch to CALI- version threshold. 
BRATE. Adjust Power Meter LZR po- 
tentiometer (A3R59) as required to ob- 
tain 0.00 dBm indication on Digital 

Readout. 


KEY OPERATING SEQUENCE — Program execution and circuit 
operation previously verified except as indicated below: 


Measurement Subroutine 
A-D Converter input voltage at DC test point A3TP4 is 
0.100 + 0.002 Vdc. 

Ramp amplitude at RMP test point A3TP2 is 

0.71 + 0.144 Vp-p. 

LZR potentiometer can be adjusted so that YPLS qualifier 
alternates between 0 and 1 at address 066. 

When YPLS=0, branch to Under Range Subroutine 
(reference; previously verified). 

When YPLS=1, branch to Log Conversion Subroutine. 


NOTE 


This step sets the A-D Conver- 
ter log threshold. When the 
specified indication is obtained, 
the Digital Readout should be 
just on the verge of blanking, 
i.e., the Digital Readout may 
randomly alternate between 
0.00 dBm and UNDER 
RANGE blanked (0_. 


uy): 


Log Conversion Subroutine 
Detect YPLS=0 at address 135. 
Branch to Relative dB Subroutine. 


Relative dB Subroutine 
Branch to Display and Remote Talk Subroutine. 


Set Power Meter CAL FACTOR % switch 
to 85 and verify that Digital Readout indi- 
cates 0.70 + 0.02 dBm. Then adjust CAL 
ADJ control as required to obtain the fol- 
lowing indications: 


DESCRIPTION — This step verifies the exponential slope of the 
log conversion ramp and the branching between various addresses 
in the Log Conversion Subroutine. 


KEY OPERATING SEQUENCE — Program execution and circuit 
operation previously verified except as indicated below: 


a. 1.01 dBm. 
b. 2.02 dBm. 


A-D Converter Input Ramp Amplitude Addresses Verified, 
Voltage (DC Test (RMP Test Point Log Conversion 


After verifying indications, set CAL FAC- 


Point A3TP4) A3TP2) Subroutine 
TOR % switch to 100 and readjust CAL 
ADJ control to obtain 0.00 dBm 0.117 + 0.002 0.831 + 0.014 135,136 detect 
indication. (0.70 + 0.02 dBm) YPLS=0 
0.126 + 0.002 0.895 + 0.014 137, 150 > and branch 
(1.01 dBm) to dB Rel 
0.159 + 0.002 1.129 + 0.014 151, 152 | Sub- 


(2.02 dBm) routine 


NOTE 


If necessary, adjust LFS potentiometer 
A8R48 to obtain specified ramp 
amplitude. 
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Set Power Meter CAL FACTOR % switch to 
100 and Range Calibrator RANGE switch to 
5 dBm. Adjust CAL ADJ control to obtain 
5.06 dBm indication, then readjust CAL 
ADJ control to obtain 5.00 dBm indication. 


DESCRIPTION — This step verifies the slope of the Log Conversion 
Ramp for a 46% input power level and the branching between var- 
ious addresses in the Log Conversion Subroutine. 


KEY OPERATING SEQUENCE — Program execution and circuit 
operation previously verified except as indicated below: 


A-D Converter Input Ramp Amplitude Addresses Verified, 
Voltage (DC Test (RMP Test Point |Log Conversion 
Point A3TP4) A3TP2) Subroutine 


0.320 + 0.003 2.272 +0.014Vp-p 153, 154, (detect 
YPLS = 0 and branch 
to dB Rel Subroutine) 


NOTE 


If necessary, adjust LFS potentiometer 
A8R48 to obtain specified ramp 
amplitude. 


Set Range Calibrator RANGE switch to 
10 dBm and adjust CAL ADJ control to 
obtain the following indications: 


a. 10.02 dBm 
b. 10.03 dBm 
c. 10.05 dBm 


d. OVER RANGE blanked Digital Readout 
(aneret); 


DESCRIPTION— This step verifies the slope of the Log Conversion 
Ramp for a 91% input power level and the branching between 
various addresses in the Log Conversion Subroutine. 


KEY OPERATING SEQUENCE — Program execution and circuit 
operation previously verified except as indicated below: 


A-D Converter Input Ramp Amplitude Addresses Verified, 
Voltage (DC Test (RMP Test Point Log Conversion 
Point A3TP4) A3TP2) Subroutine 


1.005 +0.002 7.136+0.014 Vp-p 155,156 } detect 
(10.02 dBm) YPLS=0 
1.007 + 0.002 7.150+0.014 Vp-p 157,160 > and branch 
(10.03 dBm) to dB Rel 
1.012 + 0.002 7.185+0.014 Vp-p 161,162 } Subroutine 

(10.05 dBm) 
>1.260V >8.946 Vp-p 162, 163, 164, 165 


(OVER RANGE) 


NOTE 


If necessary, adjust LFS potenti- 
ometer A3R48 to obtain speci- 
fied ramp amplitude. 
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Instrument Setup and Test Procedure Test Description and Key Operating Sequence 


Readjust CAL ADJ control to obtain 

10.00 dBm indication on Digital Readout. 
Then set WATT MODE switch to on and ad- 
just CAL ADJ control as required to obtain 
10.00 mW indication. After obtaining this 
indication, set dBm MODE switch to on and 
adjust LFS potentiometer A3R48 to obtain 
10.00 dBm indication. 


NOTE 
Power Meter is now fully calibrated 
for both linear and log measurements. 


DESCRIPTION — This step adjusts the slope of the Log Conversion 
Ramp. 


KEY OPERATING SEQUENCE — Program execution and circuit 
operation previously verified except for A-D Converter; refer to 
Service Sheet 8. 


Set Range Calibrator RANGE switch to 
—15 dBm. Verify that UNDER RANGE indi- 
cation is observed, set RANGE HOLD 
switch to off (out), and verify that Digital 
Readout indicates —15.00 + 0.50 dBm. 
Then set Range Calibrator FUNCTION 
switch to STANDBY, press Power Meter 
SENSOR ZERO switch, return Range Cali- 
brator FUNCTION switch to CALIBRATE 
when ZERO lamp goes out, and verify 
that Digital Readout indication is —15.00 
+0.02 dBm. 


DESCRIPTION — This step verifies that the main counter is preset 
properly and that it can be counted down normally for the negative 
dBm ranges. 


KEY OPERATING SEQUENCE — Program execution and circuit 
operation previously verified except for main counter preset and 
down counting; refer to Service Sheet 9. 


Set Range Calibrator RANGE switch to 
—10.00 dBm and adjust Power Meter CAL 
ADJ control to obtain the following 
indications: 


DESCRIPTION — This step verifies branching between various 
addresses in the Log Conversion Subroutine. 


KEY OPERATING SEQUENCE — Program execution and circuit 
operation previously verified except for branching between Log 
Conversion Subroutine addresses listed below: 


9.99 dBm 
9.97 dBm 
OVER RANGE blanked (—0 _ . __ ) 


a. 9.99 dBm indication verifies the following address branches: 
163, 165, dB Rel Subroutine. 


After verifying indications, readjust CAL 
ADJ control to obtain —10.00 dBm 
indication. 


b. 9.97 dBm indication verifies the following address branches: 
164, 166, 167, branch to dB Rel Subroutine from address 166. 


OVER RANGE indication verifies the branch from address 
167 to the Over Range subroutine. 
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Table 8-3. Standard Instrument Checkout (14 of 17) 


= Instrument Setup and Test Procedure Test Description and Key Operating Sequence 


Set Range Calibrator RANGE switch to 

—5 dBm, then press Power Meter dB [REF] 
MODE switch and hold for two seconds. 
Verify that dBm lamp goes out, dB (REL) 
lamp lights, and indication on Digital Read- 
out changes to —0.00. 


DESCRIPTION — This step verifies the capability of the Power 
Meter to store a dB reference level and to indicate input power 
levels with respect to the stored reference. 


KEY OPERATING SEQUENCE — Program execution and circuit 
operation previously verified except as indicated below: 


a. Program execution and circuit operation when dB [REF] switch 
is pressed. 


Local Initialize Subroutine 
Mode select inputs loaded into mode register; output of 


mode register indicates Power Meter configured for dB [REF] 
MODE. 


Measurement Subroutine 
Branch to Log Conversion Subroutine. 


Log Conversion Subroutine 
Branch to dB Relative Subroutine (reference; previously 
verified. 


dB Relative Subroutine 
Load sign and contents of main counter into reference 
register. 
Load contents of reference register into relative register. 
Count main and relative counters down until contents of 
relative counter = 0. 
Branch to Display and Remote Talk Subroutine. 


NOTE 
Program execution and circuit operation when 
dB [REF] switch released is same as above ex- 
cept contents of main counter are not loaded 
into reference register. 


Set Power Meter RANGE HOLD switch to 
off (out) and Range Calibrator RANGE 
switch, in turn, to —10 and +5 dBm. Verify 
that Digital Readout indication changes to 
—5.00 + 0.02 and 10.00 + 0.02 dBm, re- 
spectively. Then set Range Calibrator 
RANGE switch to —5 dBm and adjust CAL 
ADJ control as required to obtain 1.00 dBm 
indication on Digital Readout. After veri- 
fying 1.00 dBm indication, readjust CAL 
ADJ control for 0.00 indication. 


DESCRIPTION — This step verifies the up/down counting of the 
main counter when a negative dB reference value is stored. 


KEY OPERATING SEQUENCE — Program execution and circuit 
operation previously verified except as indicated below: 


NOTE 
dB Relative Subroutine address 171 (YM1=1) 
not verified in previous step. 


When RANGE switch is set to —10 dBm, main counter is 
counted down to obtain specified indication on Digital 
Readout. 


When RANGE switch is set to +5 dBm, main counter is counted 
up to obtain specified indication. 

c. When RANGE switch is set to —5 dBm and CAL ADJ control 
is adjusted for 1.00 dBm indication, main counter is first 


counted down to 0000 then up to 0100 to obtain indication 
(sign changes when main counter goes through 0). 
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Table 8-3. Standard Instrument Checkout (15 of 17) 


Instrument Setup and Test Procedure Test Description and Key Operating Sequence 


Set Range Calibrator RANGE switch to DESCRIPTION — This step verifies the up/down counting of the 
5 dBm. Press dB [REF] MODE switch, and | main counter when a positive dBm reference value is stored. 
observe indication on Digital Readout change 
to 0.00 dBm. Then set Range Calibrator 
RANGE switch, in turn, to 10 and —5 dBm 
and verify that Digital Readout indication 
changes to +5.00 + 0.02 and —10.00 + 

0.02 dBm, respectively. 


KEY OPERATING SEQUENCE — Program execution and circuit 
operation previously verified except as indicated below: 


a. When RANGE switch is set to 10 dBm, main counter is 
counted down to obtain specified indication. 


b. When RANGE switch is set to —5 dBm, main counter is 
counted up to obtain specified indication. 


Set Range Calibrator RANGE switch to 
5 dBm and adjust CAL ADJ control to 
obtain —1.00 dBm indication on Digital 
Readout. 


DESCRIPTION — This step verifies the down/up counting of the 
main counter when a positive dBm reference value is stored and 
a slightly less positive input power level is applied. 


KEY OPERATING SEQUENCE — Program execution and circuit 
operation previously verified except for down/up counting of 
main counter (sign changes when main counter goes through 

0 000); refer to Service Sheet 9. 


Set Range Calibrator RANGE switch to 
20 dBm, press dB [REF] switch and ob- 
serve that Digital Readout indication changes 
0.00. Then turn CAL ADJ control clock- 
wise to obtain OVER RANGE blanked indi- 
cation and counterclockwise to clear OVER 
RANGE indication. Verify that when 
OVER RANGE indication is cleared, new 
indication on Digital Readout is with re- 
spect to stored reference of 20.00 dBm. 


DESCRIPTION — This step verifies that dB Relative Subroutine 
address branching is proper for a dB (REL) MODE OVER RANGE 
condition. 


KEY OPERATING SEQUENCE — Program execution and circuit 
operation previously verified except for addresses 047 (YM2=0) 
and 050 (YM1=1) of Over/Under Range Continue Subroutine. 


Repeat step 35 except press dB [REF] 
switch when OVER RANGE indication is 
present. Verify that when OVER RANGE 
indication is cleared, new indication is 
greater than 20.00 dBm. 


DESCRIPTION — This step verifies that the reference register is 
cleared when the dB [REF] switch is pressed while an OVER 
RANGE condition exists. 


KEY OPERATING SEQUENCE — Program execution and circuit 
operation previously verified except for address 050 (YM1=0) of 
Over/Under Range Continue Subroutine. 
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Table 8-3. Standard Instrument Checkout (16 of 17) 


step Instrument Setup and Test Procedure Test Description and Key Operating Sequence 


Set Range Calibrator RANGE switch to DESCRIPTION — Negative Watt readout capability is provided to 
5 dBm and adjust Power Meter CAL ADJ enable detection of high noise conditions. This step verifies that 
control to obtain 5.00 indication on Digi- capability of the Power Meter to detect and indicate a 28% nega- 
tal Readout. Then set Power Meter MODE tive power level. (A negative WATT MODE measurement simulates 
WATT switch to on and Range Calibrator a high noise condition at the input of the Power Sensor.) 
POLARITY switch to REVERSE. Verify 
that Power Meter Digital Readout indi- 
cates —3.16 + 6.3 mW. 


KEY OPERATING SEQUENCE — Program execution and circuit 
operation previously verified except as indicated below: 


Measurement Subroutine 
A-D Converter input voltage at DC test point A3TP4 
= —0.316 + 0.002V 
Preset counter and branch to Linear Negative-Conversion 
Subroutine (reference; previously verified). 


Linear Negative-Conversion Subroutine 

Initiate Linear Negative-Conversion Ramp and count main 
counter up. 
Detect YPLS=0 at address 131 (633 + 126 clock pulses from 
address 077) and branch to Display and Remote Talk 
Subroutine. 


Set Power Meter RANGE HOLD switch to 
on (in) and Range Calibrator RANGE 
switch to 10 mW. Verify that Digital Read- 
out indicates 10 + 2 mW, and record 
indication. 


DESCRIPTION — This step verifies the capability of the Power 
Meter to indicate a 91% (of max) negative power level. 


KEY OPERATING SEQUENCE — Program execution and circuit 
operation previously verified except as indicated below: 


Measurement Subroutine 
A-D Converter input voltage at DC test point A3TP4 
= 1.000 + 0.002V. 


Linear Negative-Conversion Subroutine 
Detect YPLS=0 and branch to Display and Remote Talk 
Subroutine at address: 


a. 131 for minimum specified level (reference; verified 
in previous step). 


133 for 10.00 mW or greater indication (delay 
= 2201 + 200 clock pulses from address 077). 
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Table 8-3. Standard Instrument Checkout (17 of 17) 


Instrument Setup and Test Porcedure Test Description and Key Operating Sequence 


Set Range Calibrator RANGE switch to DESCRIPTION — This step verifies that the Power Meter will de- 
30 mW and verify that OVER RANGE tect and display a negative power level OVER RANGE condition. 


Iasucaomisote eg: KEY OPERATING SEQUENCE — Program execution and circuit 
operation previously verified except as indicated below: 


at A-D Converter input voltage at DC test point A3TP4 is 
greater than —1.200V. 


b. Program branches from address 134 of Linear Negative- 
Conversion Subroutine to Display and Remote Talk 
Subroutine. 


Set Range Calibrator RANGE switch back 
to 10 mW and verify that Digital Readout 
indication returns to level observed in 

step 39. 


DESCRIPTION — This step verifies the capability of the Power 
Meter to reset a negative power level OVER RANGE condition 
when an in-range negative power level is applied. 


KEY OPERATING SEQUENCE — Program execution and circuit 
operation previously verified except for LCOR instruction asso- 
ciated with address 131 or 133 (refer to step 39). 


Rotate Power Meter CAL ADJ control 
as required to change Digital Readout 
indication from under 10.00 to over 
10.00 or vice versa. 


DESCRIPTION — This step verifies the last remaining address 
branch of the Linear-Negative Conversion Subroutine. 


KEY OPERATING SEQUENCE — Refer to step 39. 


Set Range Calibrator POLARITY 
switch to NORMAL and readjust 
Power Meter CAL ADJ control to ob- 
tain 10.00 mW indication. Then verify 
Power Meter operation per Perform- 
ance Tests of Section IV. If any indi- 
cation is abnormal, adjust Power 
Meter as specified in Section V. If 
indication is still abnormal after per- 
forming adjustment procedure, refer 
to Table 8-6 for list of unverified in- 
structions, and to analog circuit 
troubleshooting information pro- 
vided on Service Sheets 7 and 8. 
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TROUBLESHOOTING 


8-64. HP-IB Instrument Checkout 


8-65. Test programs for verifying the operation of 
an HP-IB equipped Power Meter are provided in 
Figures 8-16 and 8-17. The test program provided 
in Figure 8-16 is written for use on an HP 9830A 
Calculator, and the program in Figure 8-17 is 
written for use on an HP 9820A Calculator. The 
two programs are functionally identical; their only 
differences are in the _ specific programming 
statements required for each calculator. 


The HP-IB Verification Program is also available 
on disk, for use with the HP 9836A, by ordering 
part number 00486-10047. A cassette is available 
for use with the HP 9825A, by ordering HP part 
number 00436-10007. 


8-66. The test programs are designed to check out 
both the operation of the HP-IB circuitry, and that 
portion of the Power Meter operating program 
associated with remote operation. After the 
program is loaded into the calculator memory, it is 
executed by pressing the RUN and EXECUTE 
keys in sequence. If the Power Meter functions 
properly, the program will pause three times. Each 
pause will be indicated by a printout directing that 
the CAL ADJ control be adjusted to obtain a 
specific front-panel indication. (The first pause also 
directs that the Power Sensor be connected to the 
POWER REF OUTPUT.) When the _ proper 
indications are obtained for the first two pauses, 
the program will automatically continue. For the 
third pause, the operator must press the CONT and 
EXECUTE keys to restart the program after the 
CAL ADJ and CAL FACTOR % controls are 
adjusted to obtain the specified indication. The 


test program will then cycle to the end and print 
out TESTS COMPLETE to indicate that the Power 
Meter is functioning properly. 


8-67. If the Power Meter does not function 
properly for any of the tests contained in the 
program, the program will halt and print out an 
error number. Table 8-4 describes the specific 
problem associated with each error number, the 
test background, and rationale for the error, and a 
logical procedure for isolating the error. (Specific 
programming statements and references contained 
in Table 8-4 are applicable to the HP 9830A 
Diagnostic Program only; if an HP 9820A 
Calculator is used for the checkout of the Power 
Meter, it will be necessary to convert the 
programming statements and references to the 
9820A equivalents.) The fault isolation procedure, 
in turn, is written in general terms and assumes an 
understanding of HP-IB circuit operation and 
Power Meter operating program execution. For 
information covering the Power Meter operating 
program, refer to Figure 8-16, Table 8-3, and Table 
8-4. For information covering HP-IB circuit 
operation, refer to Service Sheet 4. 


NOTE 


A read byte subroutine is provided at the 
end of the diagnostic program to facilitate 
fault isolation. When this subroutine is 
used, the calculator display is two words 
behind the HP-IB ROM output (see Service 
Sheet 4); i.e., when the ROM is outputting 
word 2, word 1 is in the calculator’s I/O 
register and word 0 is displayed. 
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Figure 8-16. HP-IB Verification Program (HP 9830A Calculator) (1 of 25) 
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Figure 8-16. HP-IB Verification Program (HP 9830A Calculator) (2 of 25) 
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Figure 8-16. HP-IB Verification Program (HP 9830A Calculator) (3 of 25) 
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Figure 8-16. HP-IB Verification Program (HP 9830A Calculator) (4 of 25) 
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Figure 8-16. HP-IB Verification Program (HP 9830A Calculator) (5 of 25) 
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10,20,30 
40 


50, 60 
70, 80 
90 


100,105 
107 


110 
120 


160,170 
180 


190 


220 


Service 


START 


REM — remarks 

ASSIGNMENT — initialize variables to 1; T = test number, E = error number, 
Z = attempts to zero 

FORMAT — specifications 


GO SUB... RETURN — output device clear, then trace subroutine; change 
DISP “RUNNING” to PRINT for trace mode operation 

BUS CMD, OUTPUT — HP Interface Bus set to local 

GO SUB... RETURN — output device clear, then trace subroutine; change 
DISP “RUNNING” to PRINT for trace mode operation 

BUS CMD — Power Meter addressed to talk 

WAIT — 5-second program delay 


130 IF... THEN 


Power 
Meter output 
data 


NO 


GO SUB — print “ERROR #1”; 
stop 


140 GO TO — line 160 


BUS CMD, OUTPUT — HP Interface Bus set to remote 

GO SUB... RETURN — trace subroutine; change DISP “RUNNING” to 
PRINT for trace mode operation 

BUS CMD — Power Meter addressed to listen and programmed to free run 


at maximum rate, dB REF Mode 
200,210 BUS CMD, OUTPUT — HP Interface Bus set to local 


GO SUB... RETURN — trace subroutine; change DISP “RUNNING” to 
PRINT for trace mode operation 


A 


Figure 8-16. HP-IB Verification Program (HP 9830A Calculator) (6 of 25) 
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(TEST IS REPEATED ONCE) 


230,240 ASSIGNMENT — increment test number (T = 2, 3), set error number to 2 
250 GO SUB ... RETURN — Power Meter unaddressed to listen and addressed 
to talk; calculator set up to read status (S), range (R), mode (M), and 

data (D; 9 digits) 


260 IF... THEN 


m=dB YES 
Ref Mode 


NO 


GO SUB — print “ERROR #2”; 


stop 


GO TO — line 290 


290 IF... THEN 


NO (T =3) 


300 ASSIGNMENT — error number set to 3 
310,320 BUS CMD, OUTPUT — HP Interface Bus set to remote 


330 GO SUB... RETURN — trace subroutine; change DISP ‘“RUNNING” to 
PRINT for trace mode operation 


Figure 8-16. HP-IB Verification Program (HP 9830A Calculator) (7 of 25) 
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(TEST IS REPEATED ONCE) 


BUS CMD — Power Meter addressed to listen and programmed to trigger 
with settling time. 

350 ASSIGNMENT — increment test number (T = 4, 5) 

360 GO SUB... RETURN — Power Meter unaddressed to listen and addressed 

to talk; calculator set up to read status (S), range (R), mode (M), and 

data (D; 9 digits) 


370 IF... THEN 


NO (T = 5) 
380 IF... THEN 


[REF] 
mode 


[© Page 8-81 ES GO SUB — print “ERROR #3”; 


stop 


390 GO TO — line 410 


410 ASSIGNMENT — test and error number set to 4 


Figure 8-16. HP-IB Verification Program (HP 9830A Calculator) (8 of 25) 
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(REPEAT ONCE) 


BUS CMD — Power Meter addressed to listen and programmed to auto-zero, 
range 2, trigger with settling time 
GO SUB... RETURN — Power Meter unaddressed to listen and programmed to 


talk: calculator set up to read status (S), range (R), mode (M), and data (D; 9 
digits) 


440 IF... THEN 


NO 


YES GO SUB — print “ERROR #4 or 


#4.5 stop 


450 GO TO — line 470 


470 IF...THEN 


NO 


YES 480 ASSIGNMENT -— set error number 


to 4.5 
490 GO TO — line 420 


500 REM — remarks 


Figure 8-16. HP-IB Verification Program (HP 9830A Calculator)(9 of 25) 
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510 BUS CMD — Power Meter addressed to listen and programmed to auto-zero, 
range 1, trigger with settling time 

520,530 ASSIGNMENT — Test number incremented (T = 5—16), error number set to 5 

540 GO SUB... RETURN — Power Meter unaddressed to listen and addressed to 
talk; calculator set up to read status (S), range (R), mode (M), and data 

(D; 9 digits) 


550 IF...THEN 


YES 


NO 


2310 Subroutine — print “ERROR #5”; 


stop 


560 IF... THEN 


Zeroed +1 
count 


BUS CMD — Power Meter addressed to listen and programmed for WATT 
Mode (Unzero), trigger with settling time 

GO SUB...RETURN — Power Meter addressed to talk; calculator set up to 
read status (S), range (R), mode (M), and data (D; 9 digits) 

ASSIGNMENT — Test number and error number set to 6 


600 IF... THEN 


NO 


Mee GO SUB — print “ERROR #6”; 


stop 


E 


Figure 8-16. HP-IB Verification Program (HP 9830A Calculator) (10 of 25) 
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610 GO TO — line 630 


WAIT 10,000 


BUS CMD — Power Meter addressed to listen and programmed to WATT Mode, 
trigger with settling time 
ASSIGNMENT — set error number to 7 


GO SUB ... RETURN — Power Meter unaddressed to listen and addressed to 
talk; calculator set up to read status (S), range (R), mode (M), and data 
(D; 9 digits) 


680 IF... THEN 


NO 


TYes 
Subroutine — print “ERROR #7”; 


stop 


690,700 ASSIGNMENT — Z incremented (Z = 2—5); error number set to 8 


710 IF... THEN 
YES 


NO 


GO SUB — print “ERROR #8”; 


stop 


Figure 8-16. HP-IB Verification Program (HP 9830A Calculator)(11 of 25) 
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GO TO — line 640 
BUS CMD — Power Meter addressed to listen and programmed to trigger with 
settling time 


GO SUB ... RETURN — Power Meter unaddressed to listen and addressed to 
talk; calculator set up to read status (S), range (R), mode (M), and data 
(D; 9 digits) 


760 IF... THEN 


Zeroed No 


Page 8-83 YASS 
J 


770 GO TO — line 410 


Page 8-83 


G Page 8-77 


REM — remarks 
ASSIGNMENT — set mode programming command (M) to 64 


800 ASSIGNMENT — increment M (65—68) 


810 FOR ... NEXT — loop 6 times (NEXT on line 940) 

820,830 READ...DATA — programming commands and compare data for range and 
mode checks; R = range programming commands, R1 = range status com- 
pare data, D1 = measured value compare data 

840,850 BUS CMD, OUTPUT — Power Meter addressed to listen and programmed to 
range and mode specified on lines 820 and 800, respectively 


860 GO SUB... RETURN — trace subrouting; change DISP “RUNNING” to 
PRINT for trace mode operation 

870 ASSIGNMENT — increment error number (E = 9—32) 

880 BUS CMD — Power Meter addressed to talk 

890 ENTER — calculator reads status (S), range (R2), mode (M1), and data 
(D; 9 digits) 


H 


Figure 8-16. HP-IB Verification Program (HP 9830A Calculator) (12 of 25) 
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900 IF...THEN 


NO 


980 IF... THEN 


PRINT — statement in quotes 


PRINT — quote field and variables 


1010 GO SUB — print “ERROR # X” 
(1—32); stop 
1020 PRINT — statement in quotes 


GO TO — line 940 


Figure 8-16. HP-IB Verification Program (HP 9830A Calculator) (13 of 25) 
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940 IF... THEN 


NO 


YES 


950 RESTORE-—data pointer 


960 IF... THEN 


Ai Page 8-81 NO 


YES 970 GO TO — line 800 


@ Page 8-81 


REM — remarks 

BUS CMD — Power Meter addressed to listen and programmed to range 5, 
dBm mode, free run at maximum rate 

GO SUB... RETURN — output device clear 

BUS CMD — Power Meter addressed to listen and programmed to trigger 


with settling time 

GO SUB... RETURN — Power Meter unaddressed to listen and addressed 
to talk; calculator set up to read status (S), range (R), mode (M), and 
data (D; digits) 

ASSIGNMENT — set error number to 33 


Figure 8-16. HP-IB Verification Program (HP 9830A Calculator) (14 of 25) 
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1100 IF... THEN 


1120 IF... THEN 


<C> 


YES GO SUB — print “ERROR #33”; 
stop 


1130 GO TO — line 1150 


1150 ASSIGNMENT — error number set to 34 


1160 RESTORE — data pointer to start of line 1190 
1170 BUS CMD — Power Meter programmed for dBm mode, trigger immediate 


Figure 8-16. HP-IB Verification Program (HP 9830A Calculator) (15 of 25) 
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1180 FOR ... NEXT — loop seven times (NEXT on line 1230) 
1190,1200 READ...DATA — address data to verify that Power Meter will not respond 
to unassigned listen addresses 


1210 OUTPUT — command mode set (256), line 1200 address data sent (V), 
data mode set (512) 
1220 GO SUB... RETURN — trace subroutine; change DISP ““RUNNING” to 


PRINT for trace mode operation 


| 1230 NEXT 


YES 


1240,1250 BUS CMD — Power Meter addressed to listen and programmed to trigger 
immediate, talk 


1260 ENTER — calculator reads status (S), range (R), mode (M), and data (D; 9 
digits) 


1270 IF...THEN 


NO 


YES GO SUB — print “ERROR #34”; 


stop 


1280 GO TO — line 1300 


Figure 8-16. HP-IB Verification Program (HP 9830A Calculator) (16 of 25) 
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GO SUB... RETURN — device clear sent to Power Meter 

ASSIGNMENT — error number set to 35 

WAIT — 200 millisecond delay 

BUS CMD — Power Meter addressed to listen and programmed to dBm mode, 


range 3, trigger immediate 

GO SUB... RETURN — Power Meter unaddressed to listen and addressed to 
talk; calculator set up to read status (S), range (R), mode (M), and data 
(D; 9 digits) 


1350 IF... THEN 


YES 


1360 IF... THEN 


YES 


1370 IF... THEN 


YES 


1380 GO TO — line 1400 


GO SUB — print “ERROR #35”; 


stop 


Figure 8-16. HP-IB Verification Program (HP 9830A Calculator) (17 of 25) 
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REM — remarks 

ASSIGNMENT — error number set to 36 

BUS CMD — Power Meter addressed to listen and programmed to WATT 
Mode, trigger immediate 

GO SUB... RETURN — Power Meter unaddressed to listen and addressed 
to talk; calculator set up to read status (S), range (R), mode (M), and 
data (D; 9 digits) 


BUS CMD — false listen addresses sent to Power Meter. Power Meter should 
not respond to dBm mode (D) and trigger immediate (I) programming 
commands 

BUS CMD — Power Meter addressed to listen and programmed to trigger 
immediate 

GO SUB... RETURN — Power Meter unaddressed to listen and addressed 
to talk; calculator set up to read status (S), range (R), mode (M), and 
data (D; 9 digits) 


1470 IF... THEN 


NO. 


YES GO SUB — print “ERROR #36”; 


stop 


1480 GO TO — line 1500 


1510 
1520 
1530 


1540 


1570 


1550,1560 BUS CMD — Power Meter addressed to listen and programmed to trigger 


REM — remarks 

GO SUB... RETURN — output device clear 

ASSIGNMENT — error number set to 37 

BUS CMD — Power Meter addressed to listen and programmed to WATT 
Mode, range 2, trigger immediate 

GO SUB... RETURN — Power Meter unaddressed to listen and addressed 

to talk: calculator reads status (S), range (R), mode (M), and data (D; 9 

digits) 


with settling time, talk 
WAIT — programmed delay of 200 milliseconds 


P 
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Pp 


1580 IF... THEN 


PM 
outputs 
data 


YES 


GO SUB — print “ERROR #37"; 
stop 


1590 GO TO — line 1610 

1610 ENTER — calculator reads status (S), range (R), mode (M), and data (D; 
9 digits) 

1620 ASSIGNMENT — error number set to 38 

1630,1640 BUS CMD — Power Meter programmed to trigger immediate, talk 

1650 WAIT — programmed delay of 200 milliseconds. 


1660 


PM 
outputs 
data 


NO 


YES 


GO SUB — print “ERROR #38”; 
stop 


1670 GO TO — line 1700 


1700 REM — remarks 
1710 ASSIGNMENT — test number set to 1 
1720 BUS CMD — Power Meter addressed to listen and programmed to range 3, 


free run at maximum rate, cal factor disable (100%) 
1730,1740 PRINT — text in quotes 
1750 PRINT — skip line 
1760 ASSIGNMENT — error number set to 39 


@) 
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1770 ASSIGNMENT — test number incremented 


1780 IF...THEN 


YES 


NO Subroutine — print “ERROR #39”; 


stop 


GO SUB... RETURN-— Power Meter unaddressed to listen and addressed 
to talk; calculator set up to read status (S), range (R), mode (M), and 
data (D; 9 digits) 

DISPLAY — data 


1800 


1810 IF... THEN 


.799 mW 
Received 


YES 


1820,1830 PRINT — text in quotes 


1840 PRINT — skip line 


1850,1860 ASSIGNMENT — test number set to 1, error number set to 40 
R 


Figure 8-16. HP-IB Verification Program (HP 9830A Calculator) (20 of 25) 
8-89 


CO setan Model 486A 


1870 ASSIGNMENT — test number incremented (2—301) 


1880 IF... THEN 


YES 


oC Subroutine — print “ERROR #40”; 


stop 


GO SUB... RETURN — Power Meter unaddressed to listen and addressed 
to talk; calculator set up to read status (S), range (R), mode (M), and 
data (D; 9 digits) 

DISPLAY — data 


1900 


.866 mW 
Received 


YES 


1920 PRINT — text in quotes 
1930 PRINT — skip line 
1940 BUS CMD — unlisten 


1950,1960 PRINT — text in quotes 
1970 
1980 PRINT — skip line 
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| Perform operations specified in printed text, then 
press CONT & EXECUTE keys to manually re- 
start program 


MANUAL 
RESTART 


BUS CMD — Power Meter addressed to listen, CAL FACTOR % switch 
enabled 

GO SUB... RETURN — device clear output to Power Meter 

ASSIGNMENT — error number set to 41 


BUS CMD — Power Meter addressed to listen and programmed to trigger 
with settling time 

GO SUB... RETURN — Power Meter unaddressed to listen and addressed 
to talk; calculator set up to read status (S), range (R), mode (M), and 
data (D; 9 digits) 


2050 IF... THEN 


1.000 
+ 0.003 mW 
Received 


NO 


YES : 
GO SUB — print “ERROR #41”; 


stop 


2060 GO TO — line 2080 


2080 RESTORE — data pointer to start of line 2090 
T 
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2090,2100 READ...DATA — programming commands and compare data for-status 
checks; S1 = status compare data; R = range programming commands, 
M = mode programming commands 

2110 ASSIGNMENT — error number incremented (E=42—44) 

2120,2130 BUS CMD, OUTPUT — send range and mode programming commands to 
Power Meter . 


2140 GO SUB... RETURN — trace subroutine; change DISP “RUNNING” to 
PRINT for trace mode operation 
2150 GO SUB... RETURN — Power Meter unaddressed to listen and addressed 


to talk; calculator set up to read status (S), range (R), mode (M), and 
data (D; 9 digits) 


2160 IF... THEN 


NO 


“ee GO SUB — print “ERROR # X” 


(42—44); stop 


GO TO — line 2190 


2190 IF... THEN 


YES 


Figure 8-16. HP-IB Verification Program (HP 9830A Calculator) (23 of 25) 
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BUS CMD — Power Meter addressed to listen and programmed to WATT 
Mode, range 3, CAL FACTOR % switch enabled, trigger with settling 
time 

ASSIGNMENT — error number set to 45 


GO SUB... RETURN — Power Meter unaddressed to listen and addressed 
to talk; calculator set up to read status (S), range (R), mode (M), and 
data (D; 9 digits) 


2230 IF... THEN 


1.176 
+ 0.008 mW 
Received 


NO 


YES 3 
GO SUB — print “ERROR #45”: 


stop 


2240 GO TO — line 2260 
2260, 2270 BUS CMD, OUTPUT — Power Meter unlisten, calculator talk, HP Interface 


2280 Bus set to local then remote (Power Meter stays in local — refer to Ser- 
vice Sheet 4) 
2290 PRINT — text in quotes 


2300 


STOP 


Figure 8-16. HP-IB Verification Program (HP 9830A Calculator) (24 of 25) 
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Print Error Subroutine 


2310 PRINT — error number 
2320 STOP — (press CONT EXECUTE to restart program at line 2330 or RUN 


EXECUTE to restart program at line 10). (Line 2320 may be eliminated 
to run listing all Errors). 
2330 RETURN — to line following GO SUB branch to subroutine 


Trace Subroutine 


2340 REM — Adds PRINT for TRACE 
2350 DISPLAY — “RUNNING” 
2360 RETURN — to line following GO SUB branch to subroutine 


Enter Data Subroutine 


REM — enter data 

BUS CMD — Power Meter programmed to talk, calculator to listen 

ENTER — calculator set up to read status (S), range (R), mode (M), and 
data (D; 9 digits) 

RETURN — to line following GO SUB branch to subroutine 


Device Clear Subroutine 


REM — DEV CLR 
BUS CMD — Power Meter unlistening calculator talk 
OUTPUT — Set HP Interface Bus to command mode, output device clear, 


then set HP Interface Bus to data mode 
GO SUB — trace subroutine 


2450 RETURN-—to line following GO SUB reference to subroutine 
2460 END 
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Figure 8-17. HP-IB Verification Program (HP 9820A Calculator) (1 of 4) 
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Figure 8-17. HP-IB Verification Program (HP 9820A Calculator) (2 of 4) 
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Figure 8-17. HP-IB Verification Program (HP 9820A Calculator) (3 of 4) 
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Figure 8-17. HP-IB Verification Program (HP 9820A Calculator) (4 of 4) 
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Table 8-4. HP-IB Circuit Troubleshooting (1 of 18) 


Problem and Description Corrective Action 


Problem — Program hangs up without . Check that IFC input to Power Meter (Service Sheet 11) is 
printing out error number. (RUNNING not being held low by some circuit in Power Meter. 


pees not flash periodically on calculator . Check that Power Meter DAV output (Service Sheet 12) is 
display.) not held low, indicating that Power Meter has data output 


de for calculator. 
Description — Signal output from Power 


Meter causes calculator to lock up. Turn power on and off to Power Meter, restart program at 


line 10 (STEP PROGRAM) and verify handshake timing 
(refer to Service Sheet 4). 


Problem — Power Meter does not output Turn power on and off to Power Meter. Then initialize test pro- 
data after being addressed to talk. gram (INIT key) and use STEP key to execute test program line- 
by-line. Check that the following indications are obtained for 

Description — HP Interface Bus is set to line 110: 

local. (Remote Enable line false), and Ae 
Power Meter is addressed to talk. Calcu- 
lator I/O status is then checked to verify 
that Power Meter outputs data character 
during Display and Remote Talk Subroutine. 


Power Meter is addressed to talk. 


B. The following display is obtained with logic analyzer con- 
nected normally (refer to troubleshooting example) and 
set up for single sweep, TRIGGER WORD 044g (Display 
and Remote Talk Subroutine Address). 


00.) 0105 O11, 15 OOMBOLO MO LONE 
O04 1001007 16 00) (01001 Ss 
LOR OGL 0 late 109 3100 = 1005 9 
OOM 100 9110 00 010 010 10 
01 001 000 OO BaOl0 SOL ie tt 
Ota O01 OOF 10 100 100 12 
11 001 010 00 010 010 13 
10 100 100 00 010 O11 14 


Problem — Power Meter data output indi- Turn power on and off to Power Meter. Go to line 110 and use 

cates dB [REF] mode selected. STEP key to execute program line-by-line. Check that the follow- 
ing indications are obtained. 

Description — ae Vine 160 

2 HP Interface Bus is set to remote, then 


Power Meter is addressed to listen and pro- 
grammed to free run at maximum rate, dB 2) Operating program branches from Display and Remote Talk 


[REF] mode. Subroutine to Local/Remote Branch Subroutine. Program 
then continues to free run as previously verified for local 
operation. 


b. Line 190 
3. Power Meter is addressed to talk and 1) Power Meter is addressed to listen and configured for remote 
calculator enters data. Since local opera- operation. 


tion is enabled, the Power Meter mode out- 2) Measurement rate select logic stores programming command 


put should indicate the mode selected by and provides low H HOLD and high H FAST outputs. 
the front panel switches. 


1) Power Meter is unaddressed to talk. 


2. HP Interface Bus is set to local to dis- 
able remote operation of Power Meter. 


3) Mode Select logic stores programming command and pro- 
vides dB [REF] mode output. 
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ca Problem and Description Corrective Action 


4) Operating program branches from Local/Remote Branch Sub- 

ay routine to Remote Initialize Subroutine. 

5) The following display is observed with logic analyzer con- 
nected normally (refer to troubleshooting example) and set 
up for single sweep, TRIGGER WORD 012. (Remote Initial- 
ize Subroutine Address). 

00 001 010 01°" 000 -OTt uate 
00 001 O11 01. 000. O11 40 
00 001 101 01 000 011 11 
01 000 001 01 000 O11 -12 
01 000 010 01 000 011 13 
01 000 O11 01 000 011 14 
01 000 O11 OL. . 0002-01 T is 
O13 :000e8 OLT O1 ,000 O1LT dG 

6) Operating program brances from Remote Initialize Subroutine 
to Measurement Subroutine, then continues to cycle normally 
as previously verified. 

c. Line 210 — Power Meter configured for local operation. 
d. Line 250/2380 — Power Meter is addressed to talk. 
e. Line 250/2390 — Power Meter outputs complete data message. 

Verify data message per Read Byte Subroutine starting at 

line 5000. 


Problem — Power Meter data output Turn Power on and off to Power Meter. Then GO TO line 140, and 


ONO whNDN K 


does not indicate dB[ REF] mode use STEP key to execute program line-by-line. Check that the fol- 
selected. lowing indications are obtained: 

Description — The Power Meter was pro- | a. Line 160 

grammed to the dB [REF] mode in the 1) Power Meter is unaddressed to talk. 


previous test. Then the HP Interface Bus 
was set to local. For this test, the HP 
Interface Bus is set to remote and the 
Power Meter is programmed to take a 


2) Operating program branches from Display and Remote Talk 
Subroutine to Local Remote Branch Subroutine. Program 
then continues to free run as previously verified for local 


operation. 
triggered measurement with settling ’ 
time. Thus, the dB [REF] output of b. Line 190 
the mode select logic should be loaded 1) Power Meter is addressed to listen and configured for remote 
into the mode register during the opera- operation. 


ting program Remote Initialize Sub- 
routine and the Power Meter should 
output MODE data character C during 
the Display and Remote Talk 
Subroutine. 


2) Measurement rate select logic stores programming command 
and provides low H HOLD and high H FAST outputs. 


3) Mode select logic stores programming command and provides 
dB [REF] mode output. 


4) Operating program branches from Local/Remote Branch 
Subroutine to Remote Initialize Subroutine. 
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Table 8-4. HP-IB Circuit Troubleshooting (3 of 18) 


Problem and Description Corrective Action 


5) The following display is observed with logic analyzer con- 
nected normally (refer to troubleshooting example) and set 
up for single sweep, TRIGGER WORD 012. (Remote 
Initialize Subroutine Address). 


00 001 010 1 O19 000 0115.9 
007 001. 01 2 01 000 011 10 
00 001 101 3 Ole O00 R Ole td 
01 000 O01 4 01 000 O11 12 
01 000 010 5 O17 92000 S011 13 
U1 O00 5 011.5 6 01 000 O11 14 
OLY 000 FOLL © x7 01 000 O11 15 
01 000 O11 8 01 000 O11 16 


6) The output of the mode select logic is loaded into the mode 
register (Service Sheet 3 during the Remote Initialize 
Subroutine). 


7) Operating program branches from Remote Initialize Sub- 
routine to Measurement Subroutine , then continues to 
cycle normally as previously verified. 


. Lines 210, 250, and 260 — previously verified. 
d. Line 340 — (first pass) 


1) Power Meter is addressed to listen and configured for remote 
operation. 


2) H HOLD output of measurement rate select logic is set high 
by LTC instruction. 


3) Operating program enters Display and Remote Talk Sub- 
routine hold loop (addresses 022g, 023g, 024, 025g). 
e. Line 360/2390 — (first pass) 


1) Power Meter outputs complete data message (ignore data) 
then branches to Local/Remote Branch Subroutine. 


2) Power Meter enters Local/Remote Branch Subroutine hold 
loop. 


f. Line 340 — (second pass) 


1) Measurement rate select logic provides low H HOLD output 
to initiate program cycle. Program branches to Remote 
Initialize Subroutine. 


2) The following display is observed with the logic analyzer 
connected normally (refer to troubleshooting example) and 
set up for single sweep, TRIGGER WORD 012. (Remote 

Initialize Subroutine address). 
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3 


Correc ion 
00 001 -010 01 OLOMed eS 


1 
(cont) OOMO0L MOLL) '~ 2 01. 010.111 10 
1000 101. -3 01.010. 110g 
OO 2001, 110)..,:4 01,0105; 111i 
COT MmOOT at11 5 01. 010s 1113 
100011001. 6 01 ..010° 121 
10M ROE 110% 237 Of - 010: 1110Rs 
OVO ATL 8 01, .010; 111416 


3) Operating program branches from Delay Subroutine to Auto 
Zero Subroutine and cycles to Display and Remote Talk 
Subroutine. 


4) Power Meter enters Display and Remote Talk Subroutine 
hold loop. 


. Line 360/2390 — (second pass) — Power Meter outputs com- 
plete data message. Verify data message per Read Byte Sub- 
routine starting at line 5000. 


Error — If “ERROR #4” is printed, the 
Power Meter operating cycle is not synced 

to the trigger with settling time programming 
command. 


If “ERROR # 4” and “ERROR #4.5” are 
printed, the Power Meter did not respond 
properly to one or more of the programming 
commands. 


Turn power on and off to Power Meter, then manually send 
the following program command: CMD‘“‘?U—’,“T”’. 
Check that the programming command configures Power 
Meter for remote operation and causes operating program 
to enter Display and Remote Talk Subroutine hold loop 
(addresses 022g, 023g, 024., 0259). 


NOTE 
H HOLD output of measurement rate select 
logic is set low by programming command and 
reset high by LTC instruction generated at 
start of Display and Remote Talk Subroutine. 


Description — 
ig The error number is set to 4 and the 
Power Meter is programmed to auto zero, 
range 2, and trigger with settling time. Thus 
the Power Meter should output STATUS 
character U during the Display and Remote 
Talk Subroutine, thereby indicating that the 
auto zero loop is enabled, that it is operating 
on some range other than one, and that the 
input signal level is UNDER RANGE. 


GO TO line 410 and use STEP key to execute program line- 
by-line. Check that the following indications are obtained. 


a. Line 420— 


1) Auto zero enable logic stores auto zero programming 
command and provides auto zero enable output. 


2) Range select logic stores range programming command 
and provides range 2 output. 


3) H HOLD output of measurement rate select logic set 
low by trigger with settling time programming command 


4) Operating program branches from Display and Remote 
Talk Subroutine to Local/Remote Branch Subroutine. 


5) Operating program branches to Remote Initialize Sub- 
routine and the following display is observed with logic 
analyzer connected normally and set up for single 
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Table 8-4. HP-IB Circuit Troubleshooting (5 of 18) 


Problem and Description Corrective Action 


Description (cont'd) 
2 The error number is set to 4.5 and _ the 
programming commands and status check are 
repeated. Thus, if error number 4 is detected 
and error number 4.5 is not detected, it indi- 


B. a. Line 420 (cont'd) 
sweep, TRIGGER WORD 012, (Remote Initialize Sub- 
routine address). 


cates that the first Power Meter data output Pee OO. Gael. ] Utell toe 9 
occurred before the remote programming 00 001 O11 2 OT eerO10 att too0 
commands were accessed by the operating 107 F001 S101) 3 Cte OL Ore tt teat | 
program during the Remote Initialize Sub- 00 001 110 4 OLamOLOs iy 12 
routine. (Power Meter free runs instead of 100 OOUS LLL FS O15 e OL0 tis 
entering hold loop until trigger input is 00 011 O00 6 Olen OO wi te 
received.) If both error numbers 4 and 4.5 LOW OLIN110: end OU MROLORRI Tet 5 
are detected, it indicates that the Power Ore 010s TiS 01010111416 


Meter did not respond properly to the pro- 
gramming commands or that the Power 
Meter is improperly coding the STATUS 
output character. 


6) Range counter (Service Sheet 3) is preset to range 2 
and output of mode select logic is loaded into mode 
register during Remote Initialize Subroutine time. 


7) Operating program branches from Remote Initialize 
Subroutine and cycles to Display and Remote Talk 
Subroutine hold loop (address 022¢, 023g, 024, 
025g. 


b. Line 430/2390 — Power Meter outputs complete data 
message. Verify data message per Read Byte Sub- 
routine starting at line 5000. 

NOTE 

Status output is generated by buffering HOR 

and HUR outputs of over/under range decoder 

and YM3 output of mode select logic. Fora 

description of circuit operation for this test, 
refer to Service Sheet 3, Mode Selection and 
Log Under-Range Registration. 


Error — Power Meter does not auto zero 
after ten tries. 


Change line 5000 to CMD “?U—”, “ZIV”. Then turn power on 
and off to Power Meter and check that RF power is not applied 

to Power Sensor. GO TO line 5000 and use STEP key to manually 
execute Read Byte Subroutine. Check that: 


Description — The Power Meter is program- 
med to auto zero, range 1, trigger with 
settling time. Then the DATA output is 
checked to verify that it indicates 

0.000 + 0.001 uW. If the DATA output 
exceeds this value, the test number is in- 
cremented and the programming com- 
mands and DATA checks are repeated. 

If the DATA output still exceeds 

0.000 + 0,001 pW after ten tries (7=16), 
“ERROR # 5” is detected. 


NOTE 


Program execution and circuit operation 
previously verified by local checkout pro- 
cedure and preceding error checks except 
as specified below: 


A. Range counter (Service Sheet 3) accepts range programming 
command and outputs range 1. 
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Problem and Description Corrective Action 


. Remote Initialize Subroutine address branching is as follows: 


PO SeO01s 01.0 1 00.;.,; 00d... daa es 
OO .98001/ 5.011... 2 10 011 O01 6 
LOI OOL 101, 3 00,2011, AAO ag 
00 Fe001.5110, 4 01... 010, , Ties 


- Range counter (Service Sheet 3) is preset to range 1 during 
Remote Initialize Subroutine. 


- Operating program branches from Remote Initialize Subroutine 
to Delay Subroutine. 


. Power Meter outputs correct data characters 


Error — Power Meter status output does 
not indicate auto zeroing, range 1. 


Check Power Meter status output per Read Byte Subroutine 
starting at line 2500. 


NOTE 
Status output is generated by buffering HOR 
and HUR outputs of over/under range decoder 
and YM3 output of mode select logic. Fora 
description of circuit operation for this test, 
refer to Service Sheet 3, Mode Selection and 
Linear Under-Range Registration. 


Description — The Power Meter was pro- 
grammed to auto zero on range 1 for the 
previous test. For this test, the Power 
Meter is programmed to the Watt Mode 
and a measurement is triggered. Then the 
Power Meter output status is checked to 
ensure that the auto-zero timer circuit 
(Service Sheet 10) holds the Power Meter 
in an auto Zero loop for a period of ap- 
proximately four seconds after the auto 
zero function is terminated. 


Error — Power Meter status output does 
not indicate measured value valid. 


GO TO line 640 and use STEP key to execute program line-by-line. 
Check that the following indications are obtained: 


a. Line 640 


1) Auto zero enable logic is reset. 


Description — For this test, the Power 
Meter was programmed to the Watt Mode, 
and a measurement was triggered. 10 sec- 
onds were allowed for the auto zero loop 
to clear, then the Power Meter was ad- 
dressed to talk and the output status 
character was checked. Since range 1 

was previously programmed, the Power 
Meter should output status character P, 
indicating that a valid measurement was 
taken. (For Watt Mode, range 1, an 
UNDER RANGE indication is not gen- 
erated during the Under-Range 
Subroutine.) 


2) Mode enable logic outputs Watt mode. 


b. Line 660 — Power Meter outputs correct status. Status output 
can be verified per Read Byte Subroutine starting at line 5000. 


NOTE 
Status output is generated by buffering HOR 
and HUR outputs of over/under range decoder 
and YM3 output of mode select logic. Fora 
description of circuit operation for this test, 
refer to Service Sheet 3, Mode Selection and 
Linear Under-Range Registration . 
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Corrective Action 


Check Power Meter data output per Read Byte Subroutine starting 
at line 5000. (Data output should correspond to front-panel digi- 
tal readout which was previously verified for local operation.) 


Problem and Description 


Error — Power Meter does not hold 0 after 
being auto zeroed five consecutive times. 


Description — For the previous test, the 

Power Meter was programmed to the Watt 
Mode, thereby clearing the auto zero loop. 
For this test the Power Meter data output 
is checked to ensure that the Power Meter 
remains zeroed while configured for Watt 

Mode Operation. 


Error — Power Meter range or mode out- 
put character wrong. 


Turn Power Meter on and off, then manually program 
Power Meter to Watt Mode, Range 1, trigger with settling 
time. (CMD “?U—”,“A1T”’). 


Description — Power Meter programmed 
to Watt Mode, range 1, trigger with settling 
time. Then Power Meter addressed to 

talk and range and mode output charac- 
ters checked. 


B. Verify Power Meter Mode and Range character output 
per Read Byte Subroutine starting at line 5000. 


C. Check that 
1) Mode select logic outputs Watt Mode. 
2) Range Select Logic outputs range 1. 
3) Range Counter is preset to range 1 during Remote 
Initialize Subroutine. 


Error — Power Meter range or mode 
output character wrong. 


Turn Power Meter on and off, then manually program Power 
Meter to Watt Mode, range 2, trigger with settling time 
(CMD ““?U—” “A2T”’). 


B. Verify Power Meter mode and range character output per 
Read Byte Subroutines starting at line 5000. 


Description — Power Meter programmed to 
Watt Mode, range 2, trigger with settling 
time. Then Power Meter addressed to talk 
and range and mode output characters 
checked. 


C. Check that: 
1) Mode select logic outputs Watt Mode. 
2) Range select logic outputs range 2. 
3) Range counter is preset to range 2 during Remote Initialize 
Subroutine. 


Error — Power Meter range or mode out- 
put character wrong. 


Manually program Power Meter to Watt Mode, range 3, 
trigger with settling time (CMD “?U—”,“A3T”’). 


Description — Power Meter programmed to 
Watt Mode, range 3, trigger with settling 
time. Then Power Meter addressed to talk 
and range and mode output characters 
checked. 


Verify Power Meter mode and range character output per 
Read Byte Subroutine starting at line 5000. 


C. Check that: 
1) Mode select logic outputs Watt Mode. 
2) Range select logic outputs range 3. 
3) Range counter is preset to range 3 during Remote 
Initialize Subroutine. 
4) Operating program branches from address 030g to 
address 056, (Remote Initialize Subroutine to Auto 
Zero Subroutine ). 
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Error — Power Meter range or mode output 
character wrong. 


Description — Power Meter programmed to 
watt mode, range 4, trigger with settling 
time. Then Power Meter addressed to talk 
and range and mode output characters 
checked. 


Error — Power Meter range or mode output 
character wrong. 


Description — Power Meter programmed to 
Watt Mode, range 5, trigger with settling 
time. Then Power Meter addressed to talk 
and range and mode output characters 
checked. 


Error — Power Meter range or mode output 
character wrong. 


Description — Power Meter programmed to 
Watt Mode, auto range, trigger with settling 
time. Then Power Meter addressed to talk 
and range and mode output characters 
checked. 


‘i Problem and Description Corrective Action 


Manually program Power Meter to Watt Mode, range 4, trig- 
ger with settling time (CMD ‘“‘?U—” , “A4T”’). 


Verify Power Meter mode and range character output per 
Read Byte Subroutine starting at line 5000. 


Check that: 
Mode select logic outputs Watt Mode. 
Range select logic outputs range 4. 
Range counter is preset to range 4 during Remote 
Initialize Subroutine. 


The following display is obtained with the logic 
analyzer connected normally (refer to trouble- 
shooting example) and set up for single sweep, 
TRIGGER WORD 012. (Remote Initialize Sub- 
routine address). 


10 001 010 10 001 110 
LO OOtT O11 00). LO Jug 
00 001 100 00). LOL2 rts 
10 OOD TOL 00 . 101) Eur 


Turn power on and off to Power Meter. Then manually 
program Power Meter to Watt Mode, range 5, trigger with 
settling time (CMD “?U—” , “A5T”’). 


Verify Power Meter mode and range character output per 
Read Byte Subroutine starting at line 5000. 


Check that: 

1) Mode select logic outputs Watt Mode. 

2) Range select logic outputs range 5. 

3) Range counter is preset to range 5 during Remote 
Initialize Subroutine. 


Turn power on and off to Power Meter. Then manually 
program Power Meter to Watt Mode, auto range, trigger 
with settling time (CMD ‘““? U—” , ““A9T”’’). 


Verify Power Meter mode and range character output per 
Read Byte Subroutine starting at line 5000. 


Check that: 

1) Mode select logic outputs Watt Mode. 

2) Range select logic sets NAUTO output true. 

3) Operating program branches from Remote Initialize 
Subroutine to Auto Zero Subroutine (Address 012. 
Q=1 not previously verified). 

4) Range counter is counted down to range 1 during 
Power Meter operating program cycle. 
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Error — Power Meter range or mode output | A. Manually program Power Meter to dB (REL) mode, 
character wrong. range 1, trigger with settling time (CMD “?U—” ,“B1T”’). 


b>! 


B. Verify Power Meter mode and range character output per 


Description — Power Meter programmed to 
Read Byte Subroutine starting at line 2500. 


dB (Rel) mode, range 1, trigger with settling 
time. Then Power Meter addressed to talk 
and range and mode output characters 
checked. 


Check that: 

1) Mode select logic outputs dB [REF] mode and resets 
NAUTO output. 

2) Range select logic outputs range 1. 

3) Range counter is preset to range 1 and output of 

mode select logic is loaded into mode register 

during Remote Initialize Subroutine. 


Error — Power Meter range or mode output 
character checked. 


A. Manually program Power Meter to dB (REL) mode, range 2, 
trigger with settling time (CMD “?U—” , “B2T”’). 


Description — Power Meter programmed to 
dB (REL) mode, range 2, trigger with settling 
time. Then Power Meter addressed to talk 
and range and mode output characters 
checked. 


B. Verify Power Meter mode and range character output per 
Read Byte Subroutine starting at line 5000. 


C. Check that: 
1) Mode select logic outputs dB (REL) mode. 
2) Range select logic outputs range 2. 
3) Range counter is preset to range 2 during Remote 
Initialize Subroutine. 


Error — Power Meter range or mode output 
character wrong. 


A. Manually program Power Meter to dB (REL) mode, range 3, 
trigger with settling time (CMD “?U—” , “B3T”’). 


Description — Power Meter programmed to 
dB (REL) mode, range 3, trigger with 
settling time. Then Power Meter addressed 
to talk and range and mode output charac- 
ters checked. 


Verify Power Meter mode and range character output per 
Read Byte Subroutine starting at line 5000. 


C. Check that: 
1) Mode select logic outputs dB (REL) mode. 
2) Range select logic outputs range 3. 
3) Range counter is preset to range 3 during Remote 
Initialize Subroutine. 


Error — Power Meter range or mode output 
character wrong. 


A. Manually program Power Meter to dB (REL) mode, range 4, 
trigger with settling time (CMD ““?U—” , “B4T”’). 


Description — Power Meter programmed to 
dB (REL) mode, range 4, trigger with 

settling time. Then Power Meter addressed 
to talk and range and mode output charac- 
ters checked. 


B. Verify Power Meter mode and range character output per 
Read Byte Subroutine starting at line 5000. 


C. Check that: 
1) Mode select logic output dB (REL) mode. 
2) Range select logic output range 4. 
3) Range counter is preset to range 4 and output of mode 
select logic is loaded into mode register during 
Remote Initialize Subroutine. 
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ft Problem and Description Corrective Action 


Error — Power Meter range or mode output Manually program Power Meter to dB (REL) mode, range 5, 
character wrong. trigger with settling time (CMD ‘““?U—” , “B5T”’). 


Description — Power Meter programmed to 
dB (REL) mode, range 5, trigger with set- 
tling time. Then Power Meter addressed 

to talk and range and mode output charac- 
ters checked. 


Verify Power Meter mode and range character output per 
Read Byte Subroutine starting at line 5000. 


C. Check that: 
1) Mode select logic output dB (REL) mode. 
2) Range select logic output range 5. 
3) Range counter is preset to range 5 during Remote 
Initialize Subroutine. 


Error — Power Meter range or mode output 
character wrong. 


Manually program Power Meter to dB (REL) mode, auto 
range, trigger with settling time (CMD “?U—” , “B9T”’). 


Description — Power Meter programmed 

to dB (REL) mode, auto range, trigger with 
settling time. Then Power Meter addressed 
to talk and range and mode output charac- 
ters checked. 


Verify Power Meter mode and range character output per 
Read Byte Subroutine starting at line 5000. 


C. Check that: 
1) Mode select logic outputs dB (REL) mode. 
2) Range select logic sets NAUTO output true. 
3) Range counter is counted down to range 1 during Power 
Meter operating program cycle. 


Error — Power Meter range or mode output 
character wrong. 


Manually program Power Meter to dB [REF] mode, range 1, 
trigger with settling time (CMD ““?U—” , “C1T”’). 


Description — Power Meter programmed to 
dB [REF] mode, range 1, trigger with set- 
tling time. Then Power Meter addressed 

to talk and range and mode output charac- 
ters checked. 


Verify Power Meter mode and range character output per 
Read Byte Subroutine starting at line 5000. 
C. Check that: 

1) Mode select logic outputs dB [REF] mode. 

2) Range select logic outputs range 1 and resets NAUTO 

output. 

3) Range counter is preset to range 1 and output of mode 
select logic is loaded into mode register during Remote 
Initialize Subroutine. 


Error — Power Meter range or mode output 
character wrong. 


Manually program Power Meter to dB [REF] mode, range 2, 
trigger with settling time (CMD ““?U—” , “C2T”). 


Description — Power Meter programmed to 
dB [REF] mode, range 2, trigger with set- 

tling time. Then Power Meter addressed 

to talk and range and mode output charac- 
ters checked. 


Verify Power Meter mode and range character output per 
Read Byte Subroutine starting at line 5000. 


C. Check that: 
1) Mode select logic outputs dB [REF] mode. 
2) Range select logic outputs range 2. 
3) Range counter is preset to range 2 during Remote 
Initialize Subroutine. 
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Error — Power Meter range or mode output 
character wrong. 


Description — Power Meter programmed to 
dB [REF] mode, range 3, trigger with set- 
tling time. Then Power Meter addressed to 
talk and range and mode output charac- 
ters checked. 


Error — Power Meter range or mode output 
character wrong. 


Description — Power Meter programmed to 
dB [REF] mode, range 4, trigger with set- 
tling time. Then Power Meter addressed to 
talk and range and mode output charac- 
ters checked. 


Error — Power Meter range or mode output 
character wrong. 


Description — Power Meter programmed to 
dB [REF] mode, range 5, trigger with 
settling time. Then Power Meter addressed 
to talk and range and mode output charac- 
ters checked. 


Error — Power Meter range or mode output 
characters wrong. 


Description — Power Meter programmed to 
dB [REF] mode, auto range, trigger with 
settling time. Then Power Meter addressed 
to talk and range and mode output charac- 
ters checked. 


Manually program Power Meter to dB [REF] mode, range 3, 
trigger with settling time (CMD ‘““?U—” , “C3T”’). 


Verify Power Meter mode and range character output per 
Read Byte Subroutine starting at line 5000. 


Check that: 

1) Mode select logic outputs dB [REF] mode. 

2) Range select logic outputs range 3. 

3) Range counter is preset to range 3 during Remote 
Initialize Subroutine. 


Manually program Power meter to dB [REF] mode, range 4, 
trigger with settling time (CMD ‘““?U—” , ““C4T’’). 


Verify Power Meter mode and range character output per 
Read Byte Subroutine starting at line 5000. 


Check that: 

1) Mode select logic outputs dB [REF] mode. 

2) Range select logic outputs range 4. 

3) Range counter is preset to range 4 during Remote 
Initialize Subroutine. 


Manually program Power Meter to dB [REF] mode, range 5, 
trigger with settling time (CMD ““?U—” , “C5T’’). 


Verify Power Meter mode and range character output per 
Read Byte Subroutine starting at line 5000. 


Check that: 

1) Mode select logic outputs dB [REF] mode. 

2) Range select logic outputs range 5. 

3) Range counter is preset to range 5 during Remote 
Initialize Subroutine. 


Manually program Power Meter to dB [REF] mode, auto 
range, trigger with settling time (CMD ““?U—” , “C9T”’). 


Verify Power Meter mode and range character output per 
Read Byte Subroutine starting at line 5000. 


Check that: 

1) Mode select logic outputs dB (REL) mode. 

2) Range select logic sets NAUTO output true. 

3) Range counter is counted down to range 1 during Power 
Meter operating program cycle. 
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Problem and Description Corrective Action 


Error — Power Meter range, mode, or 
data output wrong. 


Manaully program Power Meter to dBm mode, range 1, 
trigger with settling time (CMD ‘““?U—” , “D1T”). 


Verify Power Meter mode, range and data character output 
per Read Byte Subroutine starting at line 5000. (Data 

output should correspond to indication on Digital Readout 
previously verified for local operation.) 


Description — Power Meter programmed 
to dBm mode, range 1, trigger with set- 
tling time. Then Power Meter addressed 
to talk and range, mode, and data output 
checked. (Data output corresponds to 
minimum threshold of dBm range 1, 
—30 dBm). 


Gs Check that: 


1) Mode select logic outputs dBm mode. 

2) Range select logic outputs range 1 and resets NAUTO 
output. 

3) Range counter is preset to range 1 during Remote 

Initialize Subroutine. 


Error — Power Meter range, mode, or 
data output wrong. 


Manually program Power Meter to dBm mode, range 2, trig- 
ger with settling time (CMD “?U—” , “D2T”’). 


Description — Power Meter programmed 
to dBm mode, range 2, trigger with settling 
time. Then Power Meter addressed to 
talk and range mode and data output 
checked. (Data output should corres- 
pond to minimum threshold of dBm 
range 2, —20 dBm.) 


Verify Power Meter mode data and range character output 
per Read Byte Subroutine starting at line 5000. (Data 
output should correspond to indication on Digital Readout 
previously verified for local operation.) 


GC. Check that: 


1) Mode select logic outputs dBm mode. 

2) Range select logic outputs range 2. 

3) Range counter is preset to range 2 during Remote 
Initialize Subroutine. 


Error — Power Meter range, mode, or 
data output wrong. 


Manually program Power Meter to dBm mode, range 3, trig- 
ger with settling time (CMD “?U—” , “D3T”’). 


Description — Power Meter programmed 
to dBm mode, range 3, trigger with set- 
tling time. Then Power Meter addressed 
to talk and range mode and data output 
checked. (Data output should corres- 
pond to minimum threshold of dBm 
range 3, —10 dBm.) 


Verify Power Meter mode, data, and range character output 
per Read Byte Subroutine starting at line 5000. (Data output 
should correspond to indication on Digital Readout previously 
verified for local operation.) 


C. Check that: 


1) Mode select logic outputs dBm mode. 

2) Range select logic outputs range 3. 

3) Range counter is preset to range 3 during Remote 
Initialize Subroutine. 


Model 486A Service 


Table 8-4. HP-IB Circuit Troubleshooting (13 of 18) 


Problem and Description Corrective Action 


Error — Power Meter range or mode 
output character wrong. 


Manually program Power Meter to dBm mode, range 4, trig- 
gered with settling time (CMD “?U—” , “D4T”’). 


B. Verify Power Meter mode data, and range character output 
per Read Byte Subroutine starting at line 5000. (Data out- 
put should correspond to indication on Digital Readout 
previously verified for local operation.) 


C. Check that: 

1) Mode select logic outputs dBm mode. 

2) Range select logic outputs range 4. 

3) Range counter is preset to range 4 during Remote 
Initialize Subroutine. 


Description — Power Meter programmed 
to dBm mode, range 4, trigger with settling 
time. Then Power Meter addressed to talk 
and range, mode, and data output checked. 
(Data output should correspond to mini- 
mum threshold of dBm range 4, 0 dBm.) 


Error — Power Meter range, mode, or 
data output wrong. 


A. Manually program Power Meter to dBm mode, range 5, trig- 
ger with settling time (CMD “?U—” , Dol): 


Description — Power Meter programmed 
to dBm mode, range 5, trigger with settling 
time. Then Power Meter addressed to talk 
and range, mode, and data output checked. 
(Data output should correspond to mini- 
mum threshold of dBm range 5, 10 dBm.) 


B. Verify Power Meter mode, data, and range character output 
per Read Byte Subroutine starting at line 5000. (Data 
output should correspond to indication on Digital Read- 
out previously verified for local operation.) 


Check that: 


1) Mode select logic outputs dBm mode. 

2) Range select logic outputs range 5. 

3) Range counter is preset to range 5 during Remote 
Initialize Subroutine. 


Error — Power Meter range, mode, or 
data output wrong. 


A. Manually program Power Meter to dB [REF] mode, 
auto range, trigger with settling time (CMD “?U— mo) ): 


Description — Power Meter programmed 
to dBm mode, auto range, trigger with 
settling time. Then Power Meter addressed 
to talk and range, mode, and data output 
checked. (Data output should correspond 
to minimum threshold of dBm range 1, 
—30 dBm.) 


B. Verify Power Meter mode, range, and data character 
output per Read Byte Subroutine starting at line 5000. 
(Data character output should correspond to indication 
on Digital Readout previously verified for local 
operation.) 


C: Check that: 


1) Mode select logic outputs dBm mode. 

2) Range select logic sets NAUTO output true. 

3) Range counter is counted down to range 1 during 
Power Meter operating program cycle. 


8-111 


Service Model 436A 


Table 8-4. HP-IB Circuit Troubleshooting (14 of 18) 


‘it Problem and Description Corrective Action 


Error — Power Meter does not respond Turn power on and off to Power Meter. Then GO TO line 1040 
properly to device clear. and use STEP key to manually execute program line-by-line. 
Check that the following indications are observed. 


Description — The Power Meter is first pro- 
grammed to range 5, dBm mode, free run 
at maximum rate. Then a device clear is 
sent to the Power Meter to select Watt 
mode, auto range, hold operation. 
Following the device clear, a measurement 
is triggered, the Power Meter is addressed 


a. Line 1050 — 


1) Power Meter configured for remote operation. 

2) The following display is observed with logic analyzer con- 
nected normally (refer to troubleshooting example) and 
set up for single sweep, TRIGGER WORD 012g. 


to talk, and the Power Meter status, range, 105) 004:..010) 1 ti, 1000-200 Ties 
and mode outputs are checked to verify 10” 400L,.0115-2 01 000 O11 6 
proper response to the device clear. 00 001 100 3 O01) G00. 7011 ai 

00 001 101 4 01 000 011 8 


3) dBm output of mode select logic is loaded into mode 
register. 


b. Line 1060/2430 — 


1) Device clear decoder (Service Sheet 11) generates LPU 
output in response to device clear command. 


2) Mode select logic outputs Watt mode in response to 
LPU input. 


3) Range select logic sets auto range qualifier true in response 
to LPU input. 


4) Measurement rate select logic sets H HOLD output true in 
response to LPU input. 


5) Operating program initialized to starting address 000g by 
LPU signal. Program then cycles to Local/Remote 
Branch Subroutine hold loop (026 042. , 043 3) when 
LPU signal is terminated. (During Ponce Up subtoutne 
watt mode output of mode select logic is loaded into 
mode register.) 


c. Line 1070 — Measurement triggered and operating program 
cycles to hold loop in Display and Remote Talk Subroutine. 
During program cycle, range counter is counted down to 
range 1. 


d. Line 1080/2380 — Power Meter outputs correct status, mode 
and range characters. Power Meter output can be verified 
per Read Byte Subroutine starting at line 5000. 


> 


Error — Power Meter incorrectly decodes 
address data as device clear. 


Description — The Power Meter is pro- 
grammed to the dBm mode anda meas- 
urement is triggered to load the mode 
select registers. Then a number of ASCII 
characters are sent to the Power Meter 
to ensure that it will not erroneously de- 
code these characters as a device clear 
command. After the last character is 


GO TO line 1150 and use STEP key to manually execute test 
program line-by-line. Check LPU output of device clear 
decoder (Service Sheet 11) for each ASCII character sent. 
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Problem and Description Corrective Action 


Turn power on and off to Power Meter. Then send the following 
programming command to configure the Power Meter for re- 

mote operation CMD ‘“‘?U—”’. After the Power Meter is configured 
for remote operation, GO TO line 1300 and use STEP key to 
manually execute program line-by-line. Check that the following 
indications are observed: 


sent, the Power Meter is programmed to 
trigger immediate, talk and the mode out- 
put is checked to ensure that the Power 
Meter is still operating in the dBm mode. 


Error — Power Meter doesn’t go into hold 
after receiving device clear. 


Description — A device clear is sent to the 
Power Meter to select watt mode, auto 
range operation. Then a 200 ms delay is 
provided after which the Power Meter is 
programmed to the dBm mode, range 3, 
trigger immediate. Following these pro- 
gramming commands, a talk cycle is en- 
abled and the calculator checks Power 
Meter output status, range, and mode data. 
The purpose of this test is to verify that 
the device clear command causes the 
Power Meter to enter a hold condition 
while awaiting a trigger command. If the 
device clear doesn’t cause the Power 
Meter to enter the hold loop, the talk 
cycle will be enabled before the 
programming commands are loaded into 
the mode register and range counter. 

Thus the Power Meter will output the 
mode, range, and status selected by the 
preceding device clear command. 


a. Line 1300/2430 — Operating program is initialized to starting 
address 000g by LPU output of device clear decoder. Operat- 
ing program then cycles to Local/Remote Branch Subroutine 
hold loop when LPU signal is terminated. 


b. Line 1330 — H HOLD output of measurement rate select 
logic is set false by trigger immediate programming command 
and operating program cycles to Display and Remote Talk 
Subroutine hold loop. 


c. Line 1340/2380 — Power Meter outputs connect status, range 
and mode characters. Power Meter output can be verified 
per Read Byte Subroutine starting at line 5000. 


Error — Power Meter responds to in- 
valid listen address. 


GO TO line 1410 and use STEP key to manually execute pro- 
gram line-by-line. Check that Power Meter is unaddressed to 
listen in line 1430 and is not addressed to listen in line 1440 
(H LSTN test point A11TP4 remains low). If Power Meter is 
addressed to listen in line 1440 use the following program to 
isolate the malfunction: 


Description — The Power Meter is pro- 
grammed to the watt mode, and a measure- 
ment is triggered to load the mode select 
registers. Then a Power Meter talk cycle 

is enabled to unaddress the Power Meter 

to listen. After the talk cycle, false 

listen addresses are sent to the Power 
Meter followed by a dBm mode program- 
ming command. If the Power Meter is 
functioning properly it will not respond 

to the dBm mode programming command 
because it should not be addressed to lis- 
ten. Thus, it should output mode charac- 
ter A, thereby indicating that it is operat- 
ing in the watt mode. 


CMD “? MS” — (H LSTN test point goes low) 
CMD ‘“?U—” — (H LSTN test point goes high) 
CMD “?MS” — (H LSTN test point goes low) 
CMD “?U%” — (H LSTN test point remains low) 
CMD “?U)” + — (HLSTN test point remains low) 
CMD “?U,” — (HLSTN test point remains low) 
CMD “?U—=” — (H LSTN test point remains low) 
CMD “?U/” + — (HLSTN test point remains low) 


NOTE 


Address 1028 Q = 0 of Remote Initialize Subroutine 
has not been previously verified. To verify this address, 
turn power on and off to Power Meter, set front-panel 

MODE switch to dBm, then manually program Power 

Meter to remote mode and then to watt mode, range 3, 
trigger immediate (CMD “‘?U—”) (CMD “?U—”, “A3I”) 
and check that the following indications are obtained. 
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fa Problem and Description 


- 


37 Error — Power Meter takes trigger immediate 
measurement when programmed to trigger 
with settling time. 


Corrective Action 


1) The following display is obtained with the logic analyzer 
connected normally (refer to troubleshooting example) 
and set up for single sweep, TRIGGER WORD 012. 
(Remote Initialize Subroutine address). 


103). OOLs O109(1 11 000 010 5 
00 001 O11 2 01 000 100 6 
00 001 101 3 01 000 100 7 
01 000 001 4 01 000 100 8 


2) The watt mode output of the mode select logic is loaded 
into the mode register during the Remote Initialize 
Subroutine. 


GO TO line 1530 and use STEP key to manually execute program 
line-by-line. Check that the following indications are obtained: 


a. Line 1530 — 


1) LHOLD output of measurement rate select logic is set 


Description — The Power Meter is first pro- 
false by trigger immediate programming command. 


grammed to watt mode, range 2, trigger 
immediate, then a talk cycle is enabled to 
cause the Power Meter to enter the Remote 
Initialize Subroutine hold loop. Following 
the talk cycle a trigger with settling time 
programming command is sent to the Power 
Meter and the calculator checks I/O status 
after a 200 ms delay. Since the Power Meter 


2) Operating program branches from Local/Remote Branch 
Subroutine Hold Loop to Remote Initialize Subroutine. 


3) The following display is observed with the logic analyzer 
connected normally (refer to troubleshooting example) 
and set up for single sweep, TRIGGER WORD 012, 
(Remote Initialize Subroutine Address). 


is programmed to range 2, access time to the 10 001 010 1 11 000 010 5 
first data character is approximately 1130 ms. 00 001 O11 2 01 000 100 6 
Thus, the calculator should detect STAT 00 001 101 3 O11 COO 100n% 
13=2. 01 000 O01 4 01 000 100 8 


b. Line 1550 — The following display is observed with the logic 
analyzer connected normally (refer to troubleshooting example) 
and set up for single sweep, TRIGGER WORD 012. (Remote 
Initialize Subroutine Address). 


10 001 010 1 10..) O07 720rt 
00 001 Obs 2 
LO peAOOU 101. 3 
00 001 4 


Error — Power Meter takes trigger with 
settling time measurement when program- 
med to trigger immediate. 


Description — A talk cycle is first enabled 
to complete the output data transfer initi- 
ated for the previous test. Then a trigger 
immediate programming command is sent 
to the Power Meter to initiate the next 

talk cycle and the calculator checks I/O 
status after a 200 ms delay. Since the Power 
Meter is programmed to the Watt Mode, 
worst case access time to the first output 
data character is 70 ms. Thus, the calcula- 
tor should detect STAT 13 = 3. 


GO TO line 1610 and use STEP key to manually execute program 
line-by-line. Check that the following display is obtained with the 
logic analyzer connected normally and set up for single sweep, 

TRIGGER WORD 012. (Remote Initialize Subroutine Address). 


001 010 
00 001 O11 
00 001 101 
01 000 001 


000 010 
01 000 100 
000 100 
01 000 100 


Pwd 
oO 
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Problem and Description Corrective Action 


NOTE 


Operating program execution and 
circuit operation previously veri- 

fied per local checkout procedure 
except as indicated below. 


Error — Power Meter data output wrong 
when CAL ADJ control is adjusted to ob- 
tain .799 mW indication on front-panel 

Digital Readout. 


Description — The test number is set to 
1 and the Power Meter is programmed to 
range 3, free run at maximum rate. 

CAL FACTOR % switch disabled (100%). 
Then the Power Meter is addressed to talk 
and the output data is checked after each 
talk cycle. If the output data does not 
indicate .799 mW within 300 talk cycles, 
an error is detected. 


Check Power Meter data output per Read Byte Subroutine 
starting at line 5000. 


NOTE 


Operating program execution and 
circuit operation previously veri- 

fied per local checkout procedure 
except as indicated below. 


Error — Power Meter data output wrong 
when CAL ADJ control is adjusted to 
obtain .866 mW indication on front- 
panel Digital Readout. 


Description — The test number is set to 
1 and the Power Meter continues to free 
run at the maximum rate on watt mode 
range 3. Since the Power Meter is still 
addressed to talk, it outputs data during 
each talk cycle and the calculator checks 
to see if the data indicates .866 mW. If 
the output data does not indicate 

.866 mW within 300 talk cycles, an 
error is detected. 


Check Power Meter data output per Read Byte Subroutine 
starting at line 5000. 


Error — Device clear command does not 
disable CAL FACTOR % switch. 


Program Power Meter to free run (CMD “?U—”, “R”). Then GO 
TO line 2000 and use STEP key to manually exercise program 
line-by-line. Check that the following indications are obtained: 


a. Line 2000 — Cal Factor Disable Logic sets Cal Factor Disable 
output false (front-panel digital readout indication changes 
from 1.00 mW to 1.17 + 0.01 mW). 


b. Line 2010/2430 — Cal Factor Disable Logic sets Cal Factor 
Disable output true in response to LPU output of device clear 
generator. (Device clear places operating program in hold loop; 
since measurement is not triggered, display does not change.) 


Description — The verification program 
halts and the CAL ADJ control is adjusted 
to obtain a 1.000 mW indication on the 
front panel digital readout (Power Meter 
is free running per previous programming 
commands.) Then the verification pro- 
gram is manually restarted and a cal fac- 
tor enable programming command is sent 
to the Power Meter followed by a device 
clear command. After the programming 
commands are sent, a talk cycle is en- 
abled and the calculator checks the data 
output to ensure that the device clear 
command disabled the CAL FACTOR % 
switch. 


c. Line 2030 — Measurement is triggered and front-panel digital 
readout indication changes to 1.00 mW). 


d. 2040/2390 — Power Meter outputs correct data characters. 
Power Meter data output can be verified per Read Byte Sub- 
routine starting at line 5000. 
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Problem and Description Corrective Action 


Error — Power Meter does not provide Manually program Power Meter CMD “?U—” ,“A5R”’. Check 
under range, watt mode status output. Power Meter status output per Read Byte Subroutine starting 
at line 5000. 


Description — The Power Meter is pro- 
grammed to range 5, watt mode, anda 
measurement is triggered. Then a talk 
cycle is enabled and the calculator checks 
the Power Meter status output. Since a 

1 mW RF level is applied to the Power 
Sensor, the status output should indicate 
under range, watt mode. 


Error — Power Meter does not provide 
under range log mode status output. 


Description — The Power Meter is pro- 
grammed to range 5, dBm mode and a 
measurement is triggered. Then a talk 
cycle is enabled and the calculator 
checks the Power Meter output status. 
Since a 1 mW RF level is applied to the 
Power Sensor, the status output should 
indicate under range, log mode. 


NOTE 


Power Meter status output is generated by buffer- 
ing HOR and HUR outputs of over/under range 
decoder and YM3 output of mode select logic. For 
a description of circuit operation for this test, re- 
fer to Service Sheet 3, Block Diagram Description, 
Mode Selection and Linear Under Range 
Registration. 


Manually program Power Meter CMD ‘““?U—” , “D5R”. Check 
Power Meter status output per Read Byte Subroutine starting 


at line 5000. 


NOTE 


Power Meter status output is generated by buffer- 
ing HOR and HUR outputs of over/under range 
decoder and YM8 output of mode select logic. For 
a description of circuit operation for this test, re- 
fer to Service Sheet 3, Block Diagram Description, 
Mode Selection and Log Under-Range Registration. 


Error — Power Meter does not provide Manually program Power Meter CMD “‘?U—’”’ , ““A2R”. Check 

over range status output. Power Meter status output per Read Byte Subroutine starting 
at line 5000. 

Description — The Power Meter is pro- 

grammed to range 2, watt mode, and a NOTE 

measurement is triggered. Then a talk 

cycle is enabled and the calculator 

checks the Power Meter status output. 

Since a 1 mW RF level is applied to the 

Power Sensor, the status output should 

indicate an over range condition. 


Power Meter status output is generated by buffer- 
ing HOR and HUR outputs of over/under range 
decoder and YM3 output of mode select logic. For 
a description of circuit operation for this test, refer 
to Service Sheet 3, Block Diagram Description, 
Mode Selection and Linear Over-Range Registration. 


Error — Cal factor enable programming Manually program Power Meter CMD “‘?U—” , “+R”. GOTO 
command does not enable CAL line 2200 and use STEP key to manually execute program line- 
FACTOR % switch. by-line. Check that the following indications are obtained: 


Description — The Power Meter is program- a. Line 2200 — Cal Factor Disable output of Cal Factor Disable 

med to watt mode, range 3, CAL FACTOR. % | logic is set false by programming command (front-panel Digital 

switch enabled, trigger with settling time. Readout indication changes from 1.000 mW to 1.176 mW). 

Then a talk cycle is enabled and the calculator 

checks Power Meter data output. Since CAL | b. Line 2220/2380 — Power Meter outputs correct data charac- 
_FACTOR % switch is now enabled in the 85% | ter. Power Meter data character output can be verified per Read 

position, the data output should be 1.176 + Byte Subroutine starting at line 5000. 

0.008 mW. (CAL ADJ control was previously 

adjusted to obtain a 1.000 mW indication 

with CAL FACTOR % switch disabled. Dis- 

abling the switch is the same as setting it to 

100% when it is enabled.) 
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Paragraphs 8-68, 8-69 and Table 8-5 were deleted. 


8-70. BLOCK DIAGRAM CIRCUIT 
DESCRIPTIONS 


8-71. Service Sheet 1 


8.72. The Model 436A is a digital readout Power 
Meter which can be operated locally via front-panel 
controls or remotely via the HP-IB Interface Bus 
(Option 022). The overall power range and fre- 
quency response of the Power Meter is determined 
by the Power Sensor to which it is connected. 


8-73. When the Power Meter is operated locally, 
the Push-Button Switch Assembly enables selection 
of the measurement mode (dB, watts) and the 
auto-ranging circuits normally select the most 
sensitive range for measurement of input power. 
Should the operator desire to make all measure- 
ments on a specific range, however, a RANGE 
HOLD switch allows the Power Meter to be locked 
in any one of the five measurement ranges. 


8-74. When the Power Meter is operated remotely, 
the front-panel controls are disabled, and measure- 
ment mode and range are selected by programming 
inputs from the remote interface. Remote opera- 
tion can only be enabled via the remote interface; 
it cannot be enabled via the front panel. 


8-75. As shown on Service Sheet 1, all of the 
Power Meter operating functions are enabled and/ 
or sequenced by the outputs of the Controller. 
These outputs, in turn, are generated by processing 
the qualifier, mode, and range select inputs 
according to an operating program stored in a MOS 
memory chip. Thus, in order to understand the 
functions of the circuits shown on the block 
diagram, it is first necessary to consider their 
relationship to the operating program. An overall 
flow chart of the operating program is illustrated in 
Figure 8-15, Sheet 1. As shown in the figure, the 
operating program is divided into subroutines with 
each subroutine providing some dedicated func- 
tion. When the Power Meter is first turned on, the 
operating program is preset to its power up address 
and the power up subroutine is executed to 
initialize the Power Meter circuits. After the power 
up subroutine is executed, the program cycles 
normally with one measurement being taken and 
the results displayed for each cycle. During each 
cycle, the circuits shown on the block diagram 
operate as described in the following paragraphs. 


a. Power Sensor, Amplifier, Demodulator, 
Filter, and True-Range Decoder. The inputs to 
these circuits from the Controller are allowed to 
change only once during each program cycle. Thus, 
the circuits are, in effect, continuously enabled and 
provide constant outputs. The outputs of the 
Amplifier, Filter, and Demodulator Circuits are dc 
representations of the RF input power level applied 
to the Power Sensor. The outputs of the True- 
Range Decoder are reference values which account 
for the different sensitivities of the various types of 
Power Sensors that can be used with the Power 
Meter. 


b. Counters, Clock Generator, and Analog- 
to-Digital Converter. The Clock Generator 
provides program clock outputs which enable 
sequencing of the operating program and counting 
of the Up/Down Counters. The Counters are en- 
abled by the Controller to provide timing refer- 
ences for execution of the operating program and 
to function in conjunction with the Analog-to- 
Digital (A-D) Converter to convert the de output 
of the Amplifer, Demodulator, and Filter Circuit 
to an equivalent BCD number. 


c. Display. The Display is updated during 
each program cycle as required to indicate current 
range, mode, input power level, and/or over/under- 
range status. After each update the new indications 
are continuously maintained until the next update. 


d. Controller. The Controller provides the 
necessary hardware/software interface between the 
operating program and the remainder of the Power 
Meter circuits. 


e. Pushbutton Switch Assembly. The Push- 
button Switch Assembly is enabled when the 
Power Meter is configured for local operation and 
is disabled when the Power Meter is configured for 
remote operation. When enabled, the switches 
provide continuous mode select and auto-range 
qualifier outputs which are processed by the 
Controller once during each operating cycle to 
enable the desired Power Meter operation. 


f. Remote Interface Circuits. The Remote 
Interface Circuits enable the Power Meter to be 
interfaced to a remote controller via an HP-IB or 
BCD format. Thus, when remote operation is 
enabled, these circuits essentially take over the 
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functions of the Pushbutton Switch Assembly and 
the Display in that they provide for remote control 
of Power Meter operation and remote display of 
the results. When remote operation is enabled, the 
Pushbutton Switch Assembly is disabled; the Dis- 
play, however, remains enabled and provides a 
local display of the output data transmitted to the 
remote controller. 


g. Power Reference Oscillator. The Power 
Reference Oscillator is enabled when the front- 
panel POWER REF ON switch is depressed and 
provides 1 mW at 50 MHz output for calibration 
purposes. 


h. Power Supply Assembly. The Power 
Supply Assembly is enabled when the LINE 
ON-OFF switch is set to the ON position and 
provides +5, +15, and —15 Vdc outputs necessary 
for operation of the Power Meter circuits. 


8-75. Service Sheet 2 


8-76. Amplifier, Demodulator, and Filter Circuit. 
The Amplifier, Demodulator and Filter Circuits 
convert RF input power levels applied to the 
Power Sensor into proportional dc outputs. The 
basic operation of these circuits is described in the 
following paragraphs. 


a. The Power Sensor dissipates RF input 
power into a 50-ohm termination and generates a 
de voltage proportional to the RF input power 
level. 


b. The 220 Hz Multivibrator provides the 
220 Hz drive signals to the Power Sensor to switch 
the dc voltage and thereby generate a modulated 
220 Hz signal which is proportional in amplitude 
to the RF input power level and in phase with the 
220 Hz reference signal applied to the phase 
detector. 


c. The Power Sensor’s Input Amplifier and 
the Power Meter’s First Amplifier function to- 
gether to amplify the modulated 220 Hz signal by 
a factor of 600. 


d. The overall gain factor of the Second and 
Third Amplifiers is determined by the RANGE 
SELECT input to the Range and Filter Control 


ROM and the setting of the front-panel CAL ADJ 
control. The CAL ADJ control is normally set as 
required to calibrate the Power Sensor and the 
Power Meter to a known standard. When the CAL 
ADJ control is set properly, the outputs of the 
ROM configure the Attenuators such that the 
minimum and maximum signal levels at A2TP3 
(AC) are the same for each range. (For either Watts 
or dB measurements an in-range input power level 
corresponds to a 0.3 to 3.6 Vp-p signal level at 
A2TP3.) 


e. The Phase Detector functions as a 
chopper-stablized amplifier to remove any noise 
riding on the modulated 220 Hz input. Thus, the 
output of the Phase Detector is an unfiltered dc 
signal which is proportional to the true amplitude 
of the modulated 220 Hz input signal. 


f. The Meter Driver Amplifier buffers the ¢ 
DET output and applies it to the front-panel Meter 
(M1) via an RC filter and a diode limiter network. 
Since the response of the meter is not limited by 
the Variable Low-Pass Filter, the meter serves to 
provide relatively instantaneous indications of 
changes in input power level. Calibration of the 
meter to the front-panel Digital Readout is 
accomplished via the METER ADJ control. 


g. The diode limiter clips over range outputs 
of the Phase Detector to reduce the time that it 
takes for the Variable Low-Pass Filter to respond 
to a full-scale change in input signal level. The 
response time of the Filter varies with the bandpass 
selected by the outputs of the ROM. For ranges 5, 
4, and 3, the bandpass is 17 Hz. For ranges 2 and 
1, the bandpass is reduced by factors of ten to 1.7 
Hz and 0.17 Hz, respectively. These bandpass 
values represent the optimum tradeoff between 
filter response time and signal-to-noise ratio. On 
the higher ranges, the gain of the Power Meter is 
relatively low and the 17-Hz bandpass enables the 
Filter to respond to a full-scale change in input 
signal level in 0.1 second (see Figure 3-7). On the 
lower ranges, the gain of the Power Meter increases 
and a higher noise level is present at the output of 
the Phase Detector. Thus, a narrower bandpass is 
required to maintain the desired signal-to-noise 
ratio at the input of the A-D Converter. The time 
required for the Filter to respond to a full-scale 
change in input signal level is 1 second on range 2 
and ten seconds on range 1. 
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h. The DC Amplifier buffers the output of 
the Filter and applies it to the A-D Converter for 
conversion to a BCD number. The gain of the DC 
Amplifier is 1 when the CAL FACTOR % switch is 
set to 100. The gain increases by approximately 1% 
for each lower-numbered position. The switch is 
normally set to the position specified on the Power 
Sensor’s CAL FACTOR curve. When the switch is 
set properly, the output of the DC Amplifier in 
millivolts indicates the numeric value of the RF 
input power level. The decimal point and multi- 
plier are provided by the True Range Decoder. 


8-77. Auto-Zero Assembly. The Auto-Zero 
Assembly’s function is to remove any dc offset 
voltage associated with the Power Sensor. When 
the front-panel SENSOR ZERO switch is pressed, 
the Controller activates the Sensor Auto-Zero En- 
able input for a period of approximately four 
seconds. While this input is active, a feedback loop 
is configured between the Auto-Zero Assembly and 
the Power Sensor to allow a capacitor in the 
Auto-Zero circuit to charge to a value that cancels 
the dc offset of the Power Sensor. Loop stability is 
achieved when the Mount Auto-Zero output of the 
Auto-Zero Assembly holds the dc level at A3TP4 
(DC) at 0.000 + 0.002V. After the Sensor Auto- 
Zero Enable input is terminated, the feedback loop 
is broken, and the capacitor is held at the charged 
value. Thus the Mount Auto-Zero output continues 
to cancel the dc offset of the Power Sensor, 
thereby allowing accurate measurement of RF 
input power levels. 


8-78. Analog-to-Digital (A-D) Converter. The 
Analog-to-Digital Converter (Figure 8-18) operates 
together with the Counters (see Service Sheet 3) to 
convert the dc output of the Amplifier, Demodula- 
tor, and Filter Circuits to a four-digit BCD number 
which indicates the numeric value of the RF input 
power level applied to the Power Sensor. Operation 
of the A-D Converter can be divided into three 
basic functions, auto-zero function, measurement 
function, and conversion function. As shown in 
Figure 8-15, Sheet 1, a subroutine is dedicated to 
each of these functions and the functions are 
performed in sequence during every program cycle. 
(Additional auto-zero functions may be enabled at 
other times in the program cycle if various pre- 
determined operating conditions are detected.) 
During the auto-zero subroutine, a feedback loop is 


closed to remove any dc offset voltage present at 
the reference (+) input of the Ramp Generator. 
During the measurement subroutine, the Ramp 
Generator is charged to —7 times the dc input 
value. During the conversion subroutine, the 
Ramp Generator is discharged at a linear or expo- 
nential rate and the Counters are clocked to 
measure the time that it takes for the Ramp 
Generator to discharge through threshold. 


8-79. A-D Converter Auto-Zero Function. The 
auto-zero function is enabled when the Controller 
activates the AUTO-ZERO ENABLE input to the 
A-D Converter. During the Auto-Zero subroutine, 
this input is maintained for 133 ms (the Controller 
enables the main Counter when the input is acti- 
vated, and terminates the input when the count 
reaches 8000). For auto-zero functions generated 
at other points in the program cyle, the auto-zero 
timing interval varies according to the instantan- 
eous conditions detected. While the AUTO-ZERO 
ENABLE input is active, the Auto-Zero Switch is 
closed and a feedback loop is configured from the 
output of the Comparator to the positive input of 
the Ramp Generator. Loop stability is achieved 
when capacitor C1 charges such that the output of 
the Comparator is 2.00 Vdc. When the Auto-Zero 
Enable input is terminated, the Auto-Zero Switch 
is opened and the charge on C1 holds the output of 
the Comparator at 2.00 Vdc which is the appro- 
priate mid-range value for initiating the measure- 
ment function. 


8-80. A-D Converter Measurement Function. The 
measurement function is initiated when the Con- 
troller activates the Load DC INPUT. This input is 
then maintained active for approximately 33 ms. 
(The Controller enables the Main Counter when 
the input is activated and terminates the input 
when the output of the Main Counter reaches 
2000.) While the input is active, the DC Input 
Switch is closed to allow C8 to charge to —7 times 
the DC Input level. When the input is terminated, 
the DC Input Switch is opened and the Controller 
enables a linear or log conversion to discharge C3. 


8-81. A-D Converter Linear Conversion. A linear 
conversion function is selected to discharge C3 
when the Power Meter is configured for WATT 
MODE operation. During the conversion, C3 is 
discharged at the rate of 3 mV per clock pulse, and 
the Main Counter is counted up from 0000 on 
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AUTO-ZERO | AUTO-ZERO FEEDBACK 
AUTO-ZERO ENABLE SWITCH 


A. A-D CONVERTER FUNCTIONAL BLOCK DIAGRAM 


B. LINEAR POSITIVE CONVERSION WAVEFORMS 


CONVERSION SLOPE 


NOTE: Linear positive conversion ramp is shown; 
Negative conversion ramp slopes are similar but 
polarity is reversed. 
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C. LOG CONVERSION WAVEFORMS 
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Figure 8-18. Analog-to-Digital Converter Simplified Diagram and Waveforms 
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Service Sheet 2 (cont’d) 

every other clock pulse. Thus, the Main Counter is 
incremented each time that C3 is discharged by 7 
mV. Since C3 was charged to —7 times the dc 
input level during the measurement function, each 
count represents a 1 mV dc input level. When C8 is 
fully discharged, then the output of the Main 
Counter is equal to the original dc input in milli- 
volts. As stated previously, this number represents 
the RF input power level applied to the Power 
Sensor. 


8-82. The operating sequence for the linear con- 
version function is described in the following para- 


graphs. 


a. The Controller first checks the A-D quali- 
fier output of the Comparator. If the qualifier is a 
logic one, the Controller activates the LRP input to 
enable a positive conversion. If the qualifier is a 
logic 0, the Controller activates the LRM input to 
enable a negative conversion. The LRP or LRM 
input is then held active for the duration of the 
conversion. 


b. After the LRP or LRM input is activated, 
the Controller alternately monitors the qualifier 
outputs of the Comparator and the Main Counter 
to detect completion of the conversion when the 
Comparator qualifier changes state, or when the 
output of the Main Counter reaches 1200. If the 
Comparator’s output changes state before the 
output of the Main Counter reaches 0100, an 
under-range conversion is detected. If the output 
of the Comparator does not change state by the 
time the output of the Main Counter reaches1200, 
an over-range conversion is detected. If the output 
of the Comparator changes state anywhere 
between these two points in time, the Controller 
detects an in-range conversion. 


c. When the Controller detects that the 
conversion is completed, it terminates the LRP or 
LRM input and updates the front-panel status and 
Digital Readout indications as described in Service 
Sheet 3. 


8-83. A-D Converter Log Conversion. A log con- 
version function is selected to discharge C3 when 
the Power Meter is configured for dB operation. 
This function is similar to a linear conversion 
except as noted below. 


a. The LRL input is activated to discharge 
C3 at an exponential rate so that the output of the 
counter indicates the RF input power level in dB. 


b. The LLGR input is activated to change 
the Comparator’s threshold input to —0.71V so that 
an under-range condition is detected if C3 charges 
to less than this value during the measurement 
function. (The negative linear conversion 
mentioned above serves to indicate high noise 
levels at the input to the Power Sensor. Any true 
input power level will cause a positive dc input to 
be applied to the A-D Converter.) 


c. An over-range conversion is detected if 
the A-D qualifier does not change state before 
1100 counts (> +1.26 Vdc input). 


d. The Controller may cause the Instruction 
Decoder to execute a dB relative conversion before 
updating the front-panel Digital Readout indica- 
tion. During the dB relative conversion, the output 
of the counter is changed to indicate the RF input 
power level with respect to a reference value stored 
previously (refer to Service Sheet 3). 


8-84. True-Range Decoder. The function of the 
True-Range Decoder is to indicate the power level 
represented by the dc voltage at A3TP4 (DC) and, 
if the power level is to be displayed in dB, to preset 
the Main Counter to the minimum threshold of the 
range selected. The Power Meter has five measure- 
ment ranges. Each range covers a power of ten 
(1—12uW, 10-120 pW, 100 upW—1.2 mW, etc.) and 
slightly overlaps the previous range to prevent 
ambiguous measurements. The exponents assigned 
to the five ranges vary according to the sensitivity 
of the Power sensor in use. Thus, the indication 
displayed for any range is only relative until the 
sensitivity of the Power Sensor is factored in. The 
True-Range Decoder accomplishes this by deter- 
mining the sensitivity of the Power Sensor from 
the Mount Resistor Input, then combining this 
information with the Range Select and Log Mode 
outputs of the Controller to address a ROM. The 
resulting outputs of the ROM are described in the 
following paragraphs. 


a. True-Range Exponent: This output is 
provided for both linear and dB operation of the 
Power Meter and consists of a five-bit Dinaty code 
which indicates the input power level as 10 © 
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b. Watts Mode, True Range: This output is 
provided only for linear operation of the Power 
Meter (LOG Mode input inactive) and lights a 
front-panel lamp to indicate that the Digital Read- 
out is in Watts (W), milliwatts (mW), microwatts 
(uW), or nanowatts (nW). 


c. True-Range Counter and Sign Preset: This 
output is provided only for dB operation of the 
Power Meter (Log Mode input active) and presets 
the Main Counter tc the predetermined value 
assigned as the starting point for the particular dB 
range selected. (For any A-D conversion, the Main 
Counter is always preset to the lowest value associ- 
ated with a particular range and then counted in 
the direction of increasing power. When WATT 
Mode operation of the Power Meter is selected, the 
starting value for each range is +0000. When dB 
mode operation of the Power Meter is selected, the 
starting point for each range depends on the 
sensitivity of the Power Sensor; e.g. for the —10 dB 
range the Main Counter is preset to 2000 and the 
sign is preset to —, for the 20 dB range, the Main 
Counter is preset to 1000 and the sign is preset 
Loch) 


d. Decimal Point Select: This output is pro- 
vided for both linear and dB operation of the 
Power Meter and lights the appropriate decimal 
point on the Digital Readout to indicate the true 
sensitivity of the range selected (e.g., 1.000 mW, 
10.00 mW, 20.00 dB, etc.). 


8-85. Display Assembly. The Display Assembly 
indicates the Power Meter’s operating mode and 
range status, and displays the sign and numeric 
value of the RF input power level applied to the 
Power Sensor. The status indications are provided 
via individual light emitting diode (LED) indicators 
that are turned on and off independently by the 
inputs from the Controller and the True-Range 
Decoder. The power level indications are displayed 
via numeric segment indicators (Digital Readout). 
The sign indiction is controlled directly by the 
output of the Controller. When the Display Sign — 
(minus) input is active, the center segment of the 
first indicator is lighted to display a minus (—) sign; 
when the input is not active, the segment is turned 
off to indicate a positive sign. 


8-86. The numeric value indication is effected by 
clocking the BCD output of the Main Counter into 
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the Display Drivers on the positive-going edge of 
the Display Count Strobe. The Display Drivers 
then convert the BCD input into a format that 
lights individual segments of the numeric indicators 
to form a decimal number. (Decimal point posi- 
tioning is controlled by the Decimal Point Select 
output of the True-Range Decoder.) The LBLANK 
input to the Display Drivers is activated to blank 
all but the most significant digit for various under 
and over-range conditions. Similarly, the Display 
Drivers also employ a ripple blanking capability to 
turn off the most significant digit when it is a zero. 


8-87. Service Sheet 3 


8-88. General. In order to understand the opera- 
tion of the circuits shown on the block diagram, it 
is necessary to consider Power Meter operation in 
terms of the operating program stored in the State 
Controller. As stated previously, the program is 
executed on a cyclic basis with one measurement 
taken and the results displayed per cycle. On 
Figure 8-15, Sheet 1, it is shown that each cycle 
starts when the program enters the Local/Remote 
Branch or Local Initialize Subroutines and ends 
when the program exits the Display and Remote 
Talk Subroutine. Between these two points in time 
a number of additional subroutines are executed to 
control circuit operation on a step-by-step basis. 
Each step is a two-way communication between 
the program and one or more circuits. The talk 
lines are the outputs of the Instruction Decoder, 
and the listen lines are the qualifier inputs to the 
Line Selector. To effect the communication, each 
step occupies two addresses to allow an either/or 
decision and to select the next step (refer to 
paragraph 8-94, Program Execution). Since the 
decisions are made in series, each subroutine can be 
viewed as a sequential logic circuit charged with 
the responsibility of controlling one or more opera- 
ting functions. 


8-89. For purposes of definition, the Power Meter 
operating functions can be divided into two classes, 
fixed and variable. Fixed functions are basic to 
each measurement and are performed during each 
cycle. Variable functions are associated with a 
particular mode, measurement status, etc. They are 
performed only when a predetermined condition is 
detected during execution of the program cycle. 
On Figure 8-15, Sheet 1, fixed functions are 
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Service Sheet 3 (cont'd) 
indicated by a single-line exit from a subroutine; 
variable functions are indicated by multi-line exits. 


8-90. For maintenance purposes, it is convenient 
to think of each operating function as a window 
that can be opened or closed at some point in the 
program cycle. In some cases the program opens 
the window for a fixed amount of time to enable 
the function, then closes the window to terminate 
that function. In other cases the program opens the 
window and latches a circuit to keep it open for 
the remainder of the cycle. This type of window is 
then checked at the start of each future program 
cycle. If the type of operation selected does not 
change, the circuit is relatched to keep the window 
open for another cycle. If the type of operation 
changes, the circuit is unlatched and a new circuit 
is latched to keep a different window open during 
the program cycle. 


8-91. In order to understand Power Meter oper- 
ation to the level required for troubleshooting, it 
is necessary to know exactly when, why, and how 
a window is opened or closed to enable or termi- 
nate an operating function. Table 8-6 is provided as 
an aid to this understanding. This table describes 
the function(s) of each address or group of addres- 
ses, and references a signal flow description which 
indicates how the hardware circuits operate to 
perform the function. To close the theory/trouble- 


shooting loop, an additional reference is made to 
a checkout procedure which can be used to verfiy 
that the function was performed properly. 


8-92. The best way to use the information in 
Table 8-6 is in small segments. Refer to Figure 8-15 
and follow program execution starting at the 
Power Up Subroutine. If circuit operation is 
obvious, go on to the next subroutine. If it is not 
obvious, refer to Table 8-6 and proceed to the 
Block Diagram Description referenced. The Block 
Diagram Descriptions are written in terms of hard- 
ware operation. They summarize qualifier/ 
instruction communication and concentrate on 
explaining how the instruction is processed to 
enable the function, and on how the qualifier is 
generated to indicate status. After a general under- 
standing of hardware operation is gained, go back 
to Figure 8-15 and trace out the address branching 
required to effect the qualifier/instruction com- 
munications talked about in the Block Diagram 
Description. When a logic analyzer is available, 
each of these address branches serve as a valuable 
tool for troubleshooting. Overall circuit operation 
can be rapidly analyzed by looking at key addres- 
ses within the subroutines (refer to example 
provided under TROUBLESHOOTING, Table 8-3, 
Standard Instrument Checkout.) When the problem 
is isolated to a circuit, additional addresses can be 
selected as sync points for checking circuit opera- 
tion on a step-by-step basis. 


8-123 


Service Model 436A 


Table 8-6. Operating Program Descriptions (1 of 11) 


Power Up Blank Display (LSOR; Address 001, 
UNDER RANGE or OVER 
RANGE indicator will light 
depending on whether 
under/over range decoder 
powers up in set or reset 
mode). 


Block Diagram Description 


Service 


Display Assembly 


Troubleshooting 
Refer to 


Table 8-3, Step 1 


Program and Re- 
mote Interface Cir- 
cuit Initialization. 


. Count to range counter 


Address 034. 
down to range 0(LCRD) 


Table 8-3, Step 1 Range Counter 


b. Clear main counter and 
set sign positive (LCLR) 
c. Load contents of main 


counter (0000) into ref- 
erence register to clear 


Table 8-3, Step 1 Main Counter 


Table 8-3, Step 1 Reference Register 


register (LLRE) 

d. Display blanked count Table 8-3, Step 1 Display Assembly 
and sign (O_.___) 
(LTC) 


Note: — indicates 
blanked digit 


. Auto zero A-D con- 
verter for 8000 counts 
(LAZ, LCNT) 


Address 035. Table 8-3, Step 1 A-D Converter, 


Auto-Zero Function 


A-D Converter 
Auto-Zeroing 
N/A (Circuit Oper- 
tion covered under 
Digital Integrated 
Circuits and 
Symbols) 


b. Count range counter 
down to range 7 (LCRD 


Address 035g Table 8-3, Step 1 


— 


a. Count range counter 
down to range 5 (LCRD) 


Local/Remote 
Branch Subroutine 
Address 026. 


Table 8-3, Step 1 


Local/Remote 
Branch Subroutine 
Address 026. 


. Load mode select input 
into mode register 
(LCKM) 


Table 8-3, Step 1 Mode Selection 


. Local initialize 
subroutine, ad- 
dress 052 for 
local operation. 


b. Address 042 for 
remote operation 


Check whether local or re- 
mote operation is selected 
(Remote, 0379) 


Table 8-3, Step 1 Program Execution 


Remote Enable 


Table 8-4, Error 
#3 (HP-IB Opt.) 
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Table 8-6. Operating Program Descriptions (2 of 11) 


Local / 
Remote 
Branch 
(cont’d) 


| Block Diagram Description | Block Diagram Description peenntion 


Service Title 
Sheet 


Program Execution 


Troubleshooting 
Refer To 


Check whether free run or a. Branch to Remote 
triggered operation is selected| Initialize sub- 
routine, Address 
012 for free run 
or if trigger is re- 
ceived to initiate 
program cycle 


Table 8-4, Error 
#3 (HP-IB 
Option) 


Measurement Rate 
Programming Com- 
mand Processing 


b. 048 if trigger not 
received 


Address 026 A-D Converter 
Auto-Zero 


Function 


Auto-zero A-D Converter 
one count (LAZ) 


Table 8-4, Error 
#8, (HP-IB 
Option) 


Remote Address 013 


Initialize 


Table 8-4, Error 
#3 (HP-IB Opt.) 


. Hold range selected in 

previous program cycle 
if autoranging selected 
(Blank Instruction) 


Range Selection 

Range Programming 
Command 
Processing 


Address 013 Table 8-4, Error 
#4 and 4.5 


(HP-IB Option) 


. Load remote range select 
inputs into range counter 
if autoranging not 

selected (LLRA) 


. Count range counter down| Address 015 Not verified 
to range 5 if range 6 or 7 


selected (LCRD) 


Range Selection 
Range Programming 
Processing 


. Clear main counter 
(LCLR) 


Table 8-4, Error 
#4,4.5&12 
(HP-IB Option) 


N/A (Circuit Opera- 
tion covered under 
Digital Integrated 

Circuits & Symbols) 


. Check whether delayed | Address 016 for Table 8-4, Error Program Execution 


or immediate measure- delayed measure- #3 (HP-IB Measurement Rate 
ment enabled (FAST, ment Option) Programming Com- 
35g) mand Processing 


Address 101 for im- 
mediate measure- 
ment 


Table 8-4, Error 
#33 (HP-IB 
Option) 
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Table 8-6. Operating Program Descriptions (3 of 11) 


Remote . Determine Range (YR1, |Auto-Zero subrou- 
Initialize ; YR2, YR3) tine, Address 056, 
(Cont’d) for range 3,4,or 5 


Block Diagram Description 


Service Title 
Sheet 


Range Selection, 


Troubleshooting 
Refer To 


Table 8-4, Error 
#11 and 12 
(HP-IB Option) 


Table 8-4, Errors 
#4, 4.5 and 5 
(HP-IB Option) 


. Load mode select inputs Mode Selection 


into mode register 


Delay subroutine, 
Address 036, for 
range 1 or 2 


Address 104 if 
Watts mode was 
selected for pre- 
vious program cycle 


. Determine mode selected Mode Selection 
for previous program 


cycle 


Table 8-4, Error 
#36 (HP-IB 
Option) 


. Load mode select inputs 
into mode register to se- 
lect mode for current 
program cycle (LCKM) 


Address 103 if Table 8-4, Errors 
Watts mode was not} #3 and 33 (HP- 
selected for pre- IB Option) 

vious program 
cycle 


Address 104 Table 8-4 Error 
#33 (HP-IB 


Option) 


A-D Converter 
Auto-Zero 
Function 


. Auto-zero A-D conver- 
ter for 1000 counts 
(LAZ, LCNT) 

. Clear main counter 
(LCLR) 


A-D Converter 
Auto-Zero 
Function 


. Auto-zero A-D converter |Measurement Sub- 
for 1000 counts (LAZ, _jroutine Address 061 
LCNT) 

. Clear main counter 

(LCLR) 


Table 8-4, Error 
#33 (HP-IB 
Option) 


Auto-Zero Sub- 
routine, 
Address 056 


Local 
Initialize 


. Count range counter 
down to range 5 if range 
0, 6, or 7 is selected 
(LCRD) 

. Load mode select inputs 
into mode register 


Table 8-3, Step 1 
(range 5 branch) 
Step 14 (range 3 
branch) 

Step 19 (range 1 
branch) 

Step 24 (mode 
register loaded) 


Range Selection, 
Mode Selection 
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Table 8-6. Operating Program Description (4 of 11) 


en 
Clear main counter (LCLR) |Address 057 


Auto-Zero 
Subroutine 


Block Diagram Description 


Service 
Titl 
) ; 


2. A-D Converter 
Auto-Zero 
Function 


Troubleshooting 
Refer To 


Table 8-3, Step 1 


Measurement Sub- 
routine 
Address 061 


. Auto-zero A-D converter 
for 8000 Counts (LAZ, 
LCNT) 

b. Clear main counter 
(LCLR) 


Address 063 Table 8-3, Step 1 A-D Converter 
Measurement 


Function 


. Load de input voltage in- 
to A-D converter for 
2000 counts (LINP, 
LCNT) 


Measurement 
Subroutine 


Ramp charges to —7.09 
times dc input. 


. Clear main counter 
(LCLR) 


Address 065 for Mode Selection 


WATT mode 


. Check mode selected 
. Load outputs for true- 
range decoder into sign 
detector and main coun- 
ter if dBm, dB [REF], or 
dB (REL) mode selected. 


Table 8-3, Step 1 


A-D Converter 
Log Conversion 


Address 066 for 


dBm dB [REF] 
or dB (REL) mode 


Table 8-3, Step 24 
(dBm mode) 

Step 32 (dB 
[REF] mode) 


A-D Converter 
Linear Conversion 


. Check whether A-D 
ramp has changed to 
negative or positive 

de input 

. Load outputs of true- 
range decoder (—sign, 
0000 count) into sign 
detector and main coun- 
ter (LPSC) if de input 
was negative, indicating 
negative power (noise) 
input 

. Enable A D ramp posi- 
tive-conversion slope 
(LRMP) is de; input was 
positive 


Linear Negative Table 8-3, Step 10 
Conversion 
Subroutine, 
Address 076, for 


negative de input 


Linear Positive Table 8-3, Step 1 
Conversion Sub- 
routine, Address 
071, for positive 


dc input 


A-D Converter 
Log Conversion 


Under Range Sub- 
routine, Address 
174 if de input 
under range 


Log Conversion Sub-|Table 8-3, Step 25 
routine, Address 136 
if dc input not unde 
range 


. Check whether dc input 
is under range (A-D 
ramp input slope does not 
exceed log threshold) 
. Light UNDER RANGE 
lamp (LSUR) and blank 
display (LSOR) if de 
input under range 


Table 8-3, Step 24 
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Table 8-6. Operating Program Description (5 of 11) 


Sub-Routine |Address Function 
Measurement . Enable A-D ramp log- Rast 


Subroutine conversion slope (LRMP) 
Under-Range Sub- 


if de input not under 
range. 

routine Address 174 
if <100 counts 


Block Diagram pesernann 


Troubleshooting 
Refer To 


. Enable linear positive- 
conversion ramp (LRMP) 
and count main counter 
up on every other clock 
pulse (LCNT) 


. Check A-D converter out- 
put qualifier prior to each 
count to detect under- 
range, in-range or over- 
range condition 


Table 8-3, Step 7 A-D Converter 


Linear Conversion 


Subroutine 


Table 8-3, Step 1 
(addresses 071, 
067, 072, 073) 
Step 3 (addresses 
074, 075) Step 6 
(address 074 
LCOR instruction 


Display and Remote 
Talk Subroutine 
Address 177, if be- 
tween 100 and 
1199 counts 


. Detect under-range (ad- 
dress 067) if A-D conver- 
ter output qualifier 
changes state before main 
counter is counted up 
100 counts 


. Detect in-range condition 
(address 072 or 074) if 
A-D converter output 
qualifier changes state 
between 100 and 

1199 counts 


. Detect over-range condi- 
tion (address 075) if A-D 
converter output qualifier 
does not change state 
before 1200 counts 


. Clear over/under range 
decoder (LCOR) 


Over Range Sub- 
routine, Address 
147, if 1200 counts 


Table 8-3, Step 
5 


Under Range Sub- 
routine Address 174 
if < 100 counts 


A-D Converter 
Linear 
Conversion 


Table 8-3, Step 
10 (addresses 
076, 130, 077) 


. Enable linear negative 
conversion ramp (LRMP) 
and count main counter 
up on every other clock 
pulse (LCNT) 


. Check A-D Converter 
output qualifier prior to 
each count to detect 
under-range, in-range 

or over-range condition 

. Detect under range (ad- 
dress 077) if A-D conver- 
ter output qualifier 
changes before main 
counter is counted up to 
100 counts. 


Linear Nega- 


Display and Remote 
Talk Subroutine, 
Address 177, if be- 
tween 100 and 
1199 counts 


Table 8-3, Step 
38 (addresses 130, 
131) 

Steps 39 and 42 
(addresses 131, 
132, 133) 

Step 41 (address 
131, LCOR 
instruction 
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Table 8-6. Operating Program Description (6 of 11) 


Block Diagram Description 


Troubleshooting 
Refer To 


Linear 

Negative-Con- Ciaaettes 131 or 133) if routine, address 147 | 40 
A-D converter output if 1200 counts 
qualifier changes between 
100 and 1199 counts. 


. Detect over range condi- 
tion (address 134) if A-D 
converter output quali- 
fier does not change 
state before 1200 counts 


. Clear over/under range 
decoder (LCOR) 


Log NOTE A-D Converter 

Conversion For log (dB) conversion, the Log Conversion 
main counter can be preset 
to a negative number and 
counted down, or it can be 
preset to a positive number 
and counted up. In addition, 
if the output of the main 
counter reaches 0000 when 
it is being counted down, a 
borrow pulse is generated to 
change the direction of 
counting. The count decod- 
ing of this subroutine is such 
that an in-range measure- 
ment is detected whenever 
the A-D converter output 
qualifier changes state be- 
fore 1100 clocks are applied 
to the main counter regard- 
less of the direction of 
counting. 


a. Enable log-conversion Table 8-3, Step 
ramp (LRMP) and count 25 (address 135) 
main counter up or down 
on every other clock 
pulse (LCNT) 


. Check A-D converter out-| 4B Relative Sub- Table 8-3, Step 
put qualifier prior to each| routine, address 170, 26 (address 135, 
count to detect in-range |if <1100 counts 136 137, 150, 
or over-range condition 151, 152) 


. Detect in-range condition | Over range sub- Step 27 (address 
(address 135, 137,151, | routine, address 147, 153, 154) 
153, 155, 157, 161, 165),| if >1100 counts 
if A-D Converter output Step 28 (address 
qualifier changes state 155,565,157, 
before 1100 counts 160, 161, 162, 
163, 164, 165) 
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Table 8-6. Operating Program Description (7 of 11) 


Sub-Routine Function 


Log d. Detect over-range condi- i: 


Conversion tion (address 164 or 167) 
if A-D converter output 
does not change state 
Display and Remote 
Talk Subroutine, 
Address 177, if 


by 1100 counts 

. Clear over/under-range 
dBm mode selected 
Address 171 if dBm 


decoder (LCOR 
mode not selected 


Block Diagram Description 
Service Title 
Sheet 


Troubleshooting 
Refer to 


Step 31 (addres- 
ses 163, 164 165, 
166, 167) 


Relative dB 


Check whether dBm mode 
selected 


171,172,)a. Store contents of main 
counter in reference 
register (LLRE) if dB 
[REF] mode selected 


b. Load contents of refer- 
ence register into relative 
counter (LCOR) and set 
NRZO qualifier logic 1 


Display and Remote 
Talk Subroutine 
Address 177 


Table 8-3, Step 32 
(except address 
171, YMI branch) 


dB Relative 
Conversion 


Step 33 (address 
171, YM1 branch) 


c. Count relative counter 
down (LREL) to 0000 
(NRZO=0) and count 
main counter up or down 
(LCNT) as required to 
algebraically subtract 
reference from measured 
power level. 


Under-Range|174,175 | Light UNDER RANGE 
lamp (LSUR) if measure- 
ment was taken on ranges 2 
through 5 
176 |Blank display (LSOR) if 
auto-ranging enabled 
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Address 176 if 
measurement was 
taken on ranges 2 
through 5 


Table 8-3, Step 7 
(range 5) Step 15 
(range 3) 


Display Assembly 


A-D Converter Lin- 
ear Under-Range 
Conversion 

A-D Converter 

Log Under-Range 
Conversion 
Range Selection 


Address 105 if auto |Table 8-3, Step 8 
ranging enabled 


Over/Under Range 
Continue Subroutine 
Address 047 if auto- 
ranging not enabled 


Table 8-3, Step 7 


Model 436A 


Sub-Routine |Address 


Under-Range 
(cont’d) 


Over-Range 


Over/Under 
Range 
Continue 


Table 8-6. Operating Program Description (8 of 11) 


Troubleshooting 


Branch To Refer To 


Count range counter down | Auto Zero Sub- Table 8-3, Step 8 
one range (LCRD) routine Address 056 


if measurement was 

taken on range 4 or 

5 

Delay Subroutine, |Table 8-3, Step 15 
Address 036, if 

measurement was 

taken on range 2 

or 3 


Blank Display (LSOR) Over/Under Range |Table 8-3, Step 5 


Continue Sub- (LSOR instruc- 
routine, Address tion) Step 6 

047, if auto-ranging |(branch to address 
is not enabled 047) 


Address 146 if auto-|Table 8-3, Step 9 
ranging is enabled 


Count range counter up one | Auto-Zero Sub- Table 8-3, Step 9 
range if measurement was routine, Address (range 4) 
taken on range 2, 3, or 4 056, if measurementiStep 22 (range 2) 


was taken on range 

0 2,3, or4 

Address 148 if Table 8-3, Step 21 
measurement was 


taken on range 0, 
lord 


Count range counter up one | Delay Subroutine, | Table 8-3, Step 21 
range if measurement was Address 036, if 
taken on range 1 measurement was 


taken on range 1. 


Over/Under Range | Table 8-3, Step 36 
Continue Sub- 

routine, Address 

047, if measuremen 

was taken on range 

5 


Clear main counter (LCLR) | Display and Remote| Table 8-3, Step 6 
if dB [REF] ordB(REL) {Talk Subroutine 
mode selected Address 177, if 


Watt or dBm Mode 
Selected 

Address 040 if dB 
[REF] or dB (REL) 
mode selected 


Table 8-3, Step 36 


Load contents of main coun-| Display and Remote] Table 8-3, Step 36 
ter into reference register Talk Subroutine, (dB (REL) mode) 
(LLRE) if dB [REF] mode | Address 177 Step 37 (dB [REF 


selected 


mode) 


Service 


Block Diagram Description 


Service 
Sheet 


Display Assembly 


A-D Converter 
Linear Over-Range 
Conversion 


A-D Converter 
Log Over-Range 
Conversion 


Range Selection 


dB Relative 
Conversion 
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Table 8-6. Operating Program Description (9 of 11) 


oe 


Delay Auto-Zero A-D Converter Address 006 
for 666 ms (main counter 

is cleared by LCLR instruc- 
tion, auto-zeroing is enabled 
by LAZ and LCNT instruc- 
tions. Auto zero period is 
8000 counts for each 
address) 


Block Diagram Description 
Service Title 
Sheet 


Amplifier, Demodu- 
lator & Filter Circuits 


Troubleshooting 
Refer To 


Table 8-3, Step 
15 


A-D Converter Auto- 
Zero Function 


NOTE 
This subroutine is associated 
with range 1 and 2 measure- 
ments. It essentially serves 
as a program pause to allow 
the output of the variable 
low-pass filter to settle. 


Auto-Zero Sub- 
routine, Address 
056 for local 
operation 
Address 120 for 
remote operation 


Check whether local or re- 
mote operation is enabled 
(REMOTE 37 g) 


Table 8-3, Step 15 Program Execution 


Remote Enable 
General Description 


Auto-zero sub- 
routine, Address 
056 for immediate 
measurement 


Check whether immediate 
or delayed measurement is 
enabled 


Program Execution 


Measurement Rate 
Programming 
Command 
Processing 


Address 123 for 
delayed measure- 
ment 


Measurement Rate 
Programming, Re- 
mote Qualifier/ 

Program Interface 
and Talk Cycle 


A-D Converter 
Auto-Zero Function 


Auto-Zero sub- 
routine, address 
056 


Auto-zero A-D Converter 
for 267 ms (main counter 

is cleared by LCLR instruc- 
tion; auto-zeroing is enabled 
by LAZ and LCNT instruc- 
tions. Auto-zero period is 
8000 counts for each 
address) 


Table 8-4, Errors | 2, 3 
# 4, and 4.5 
(HP-IB Option) 
Table 8-5, Step 3 
(BCD Option) 


Display and 
Remote Talk 


Transfer count and sign to 
front panel display and in- 
form remote interface cir- 
cuits that measurement 

completed (LTC) 


Address 022 Table 8-3 Step1] 2 Display Assembly 


True-Range Decoder 


A-D Converter Linear 
Conversion 

A-D Converter Log 
Conversion 
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Table 8-6. Operating Program Description (10 of 11) 


ee. 
Auto-zero A-D converter Address 023 


Display and | 022 
Remote Talk for one count (LAZ) 


(cont'd) 


Troubleshooting 
Refer To 


Block Diagram Description 
Service : 


2,3 |A-D Converter 
Auto-Zero Function 


Table 8-3, Step 2 


Address 024 if re- 
mote talk not 
selected. 

Address 044 if re- 
mote talk selected 


Check whether remote talk 
| selected (TALK 32g) 


Table 8-3, Step 2 Program Execution 


Talk Cycle 


Measurement Rate, 
Programming, Re- 
mote Qualifier/ 
Program Interface, 
and Talk Cycle 


Local/Remote 
Branch Subroutine, 
Address 026, for 
free-run or if trigger 
is received to initiate 
new program cycle 
Address 025 if trig- | Table 8-4, Errors 
ger is not recieved | #4 and 4.5 
(HP-IB Option); 
(N/A for BCD 
Option) 


Check whether free-run or 
triggered operation is selec- 
ted (HOLD 036g) 


Table 8-3, Step 2 Program Execution 
Measurement Rate 
Programming Com- 


mand Processing 


Measurement Rate 
Programming, Re- 
mote Qualifier/ 

Program Interface, 
and Talk Cycle 


Check whether local or re- Not Verified 
mote operation is selected 


(REMOTE 037g) 


Local Initialize Sub- 
routine, Address 
052 for local oper- 
tion 


Program Execution 
Remote Enable 


Address 022 for 
remote operation 


Table 8-4, Error 
#3 (HP-IB 
Option) 

(N/A for BCD 
Option) 


General Description 


Address 022 if re- 
mote listener not 
ready for data 


Check whether remote 
listener ready for data 
(RFDQ, 349) 


Table 8-4, Error 
#1 (HP-IB 
Option); (N/A 
for BCD Option) 


Program Execution 
Talk Cycle 
Measurement Rate 
Programming, Re- 
mote Qualifier/ 
Program Interface 
and Talk Cycle 


Address 045 if re- 
mote listener ready 
for data 


Check whether data 
accepted line set (DACQ, 
31g) 


Not Verified Program Execution 


Talk Cycle 


Local/Remote 
Branch Subroutine 
Address 045, if 
line set 


Measurement Rate 
Programming, Re- 


mote Qualifier/ 
Program Interface 
and Talk Cycle 


Address 046 if line 
reset 


Table 8-4, Error 
#1 (HP-IB 
Option) 

Table 8-5, Step 2 
(BCD Option) 
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Table 8-6. Operating Program Description (11 of 11) 


=e 


Display and Set data valid line to enable | Address 110 
Remote Talk output data transfer 
(cont’d) (LSDAV) 


Block Diagram Description 


Service ; 
Sheet Title 


Troubleshooting 
Refer to 


Table 8-4, Error 
#1 (HP-IB Option) 
Table 8-5, Step 2 
(BCD Option) 


Program Execution 
Talk Cycle 
Measurement Rate 
Programming, Re- 
mote Qualifier/ 
Program Interface 
and Talk Cycle 


Check whether data ac- 
cepted line set to indicate 
data received OK (DACQ, 
31 g) 


Address 111 if data 
accepted 


Table 8-4, Error Program Execution 


Talk Cycle 


(BCD Option) 


Address 106 if data 
not accepted 


Table 8-5, Step 3 
(BCD Option) 
(N/A for HP-IB 
Option) 


Auto-zero A-D converter Address 110 


one count (LAZ) 


Table 8-5, Step 3 
(BCD Option); 
(N/A for HP-IB 
Option) 


Analog-to-Digital 
Converter Auto- 
Zero Function 


Reset data valid line to Address 112 
indicate data transferred 


(LSDAV) 


Table 8-4, Error 
#1 (HP-IB Option) 
Table 8-5, Step 3 
(BCD Option) 


Program Execution 
Talk Cycle 


Measurement Rate 
Programming, Re- 


Check whether Power Meter 
has more data for remote 
listener (MORE DATA 339) 


Address 110 if 
more data 


Table 8-4, Error 
#1 (HP-IB Option) 
(N/A for BCD 
Option) 


Program Execution 
Talk Cycle 


Measurement Rate 
Programming, Re- 
mote Qualifier/ 
Program Interface, 
and Talk Cycle 


Local/Remote 
Branch Subroutine 
Address 026 if no 
more data 


Table 8-4, Error 
#2 (HP-IB 
Option) 

Table 8-5, Step 3 
(BCD Option) 
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8-93. Program and Remote Interface Circuit 
Initialization. When power is turned on, a Master 
Reset (LPU) is generated by the Power Up 
Detector to select local operation of the Power 
Meter (refer to Service Sheets 4 and 5) and to 
initialize the operating program to power up 
address 000g. If the Power Meter is subsequently 
configured for remote operation and a device clear 
input is received, the remote interface circuits also 
generate a power up reset. The power up reset 
output of the Remote Interface Circuits 
reinitializes the operating program to power up 
address 000g but it does not terminate remote 
operation. Instead, it presets the Remote Interface 
Circuits to select the following operating 
conditions: WATT MODE, Range 6 (counted down 
to range 5 before measurement), Autoranging 
enabled, CAL FACTOR % switch disabled. 


8-94. Program Execution. The operating program 
consists of a group of 16-bit data words stored in 
the State Controller. The words are designated by 
address with 000g being the lowest address and 
877g being the highest address. As stated 
previously, a power up reset signal (LPU) is 
generated by the Controller when power is turned 
on to initialize the program to starting address 
000g. From then on the program is self-executing 
with branching between the words being controlled 
by the Power Meter operating conditions detected. 
Thus, the program is essentially a sequential logic 
circuit which interfaces with the Power Meter 
hardware circuits to control their operation. 
General processing of the operating program by the 
Controller is illustrated in Figure 8-15, Sheets 2 
and 3. In the following examples, specific words 
are used to illustrate Controller circuit operation 
associated with local and remote qualifier 
selection. 


A. Example 1. Local Qualifier Selection; Starting 
Address 000g. 


YR3=0 Y R3=1 


| 
02 | | 
| | 
TA1 TA2 TA3 


| | | | 
TA4/TB1 TB2 TB3 TB4/TC1 


Qualifier Instruction Next Address 
Select Select Select 
Code Code Code 


Bligislaviocle tmi0 9 0, 20.5 43720150 


Word 000,[X x X X[1 0 10 1/0000001 


No qualifier associated 05g (LSOR) 0019 
with word 000, 


1. TA1 — Leading edge of first 01 Clock 
following termination of Power Up Reset 
(LPU). 


a. Address 001g clocked into State 


Register and applied to State 
Controller. 

b. State Controller produces word 
Qualifier Instruction Next Address 
Select Select Select 
Code Code Code 


BIT 1514131211109 8 76543210 
Wordon1, [Fo 1 to 170 1]0011010 


13g(YR3) 159 (LCLR) 032g 


c. Line Selector produces qualifier 139 
(YRS). 


7 SOR, 


a. YR8 qualifier (logic 1) clocked into 
Qualifier Register and applied to 
State Controller (State Controller 
address changed to 201g). Qualifier 
Register not clocked again until TB2. 


b. State Controller produces word 201g. 


Qualifier Instruction Next Address 
Select Select Select 
Code Code Code 


BIT TEAMS 2ahiatO-O uo!) Seba 2 1.0 
Word 201g[1 01 1]0 100 oJoo000007 
139 (YR3) 109(LCRU) (001, +O=1) = 201, 

3. TA3 — Instruction Decoder enabled; 


LCRU instruction generated to count 
down Range Counter. 


8-135 


Service 


Model 436A 


CIRCUIT DESCRIPTIONS 


ee IEIIIIEEIUSEIEIEEE NEESER SEEEESEEEEESSEEEE EEE 


Service Sheet 3 (cont’d) 
4. TA4/TB1 
a. Address 001 clocked into State Register 
and applied to State Controller. 


b. Qualifier Register output still high (logic 
1) so State Controller produces word 
201g. 


Bae tis 
a. YR8 qualifier (logic 0) clocked into Quali- 
fier Register and applied to State Control- 
ler. Qualifier Register not clocked again 
until TC2. 


b. State Controller produces word 001 8: 


6. TB3 — Instruction Decoder enabled; LCLR 
instruction generated to clear Main Counter. 


7. TB4/TC1 
a. Address oad clocked into State Register 


and applied to State Controller (A=logic 
0). 


b. State Controller produces word 032g. 


8. TC2/TC3, etc. — Cycle continues as de- 
scribed in steps 1 through 7. 


B. Example 2. Remote Oualifier Selection; 
Starting Address 0359 
Qualifier Instruction Next Address 
Select Select Select 
Code Code Code 


BIT 1SM4 1S N2AVIG Se 67 SOS eas eZ 0 


word03s, [10 10]0 101 Joo10110 


12, (YR2) 13g (LCKM) (026, +0=0) = 026 


02 | 
| | | 
TA1 TA2 TA3 TA4/TB1 TB2 


J ara Ip SG 
a. Address 026g clocked into State Register 
and applied to State Controller. 


b. Qualifier Register output is logic 0, so 
State Controller produces word 026g. 


c. Remote Qualifier (YRMT) is input to Line 
Selector via Multiplexer in Remote Inter- 
face Circuits. When Instruction Code 308 
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through 387g and Qualifier Select 
Code is 17g, Instruction Decoder is 
disabled and Remote Qualifier is 
applied to State Controller via Line 
Selector. 


Br AZ 


a. Remote Qualifier clocked into 
Qualifier Register and applied to 
State Register. 


b. If qualifier is low (logic 0), State 
Controller continues to output word 
026g; if qualifier is high (logic 1), 
then word 2268 is produced. 


Qualifier Instruction Next Address 
Select Select Select 
Code Code Code 
permenant 


————— 
BIT 15 14 13 12, 11:10. 9. :8., 7-6) 5) 4a Sse eee 


Word 226, [X X X X]1 111 1]0101010 


3. TA38 —No operation, Instruction Decoder 
disabled by Instruction Select Code. 


4, TA4/TB1 


a. Next Address Select Code locked into 
State Register. 


b. State Controller produces word 042. 
or 252g. 


5a) B26 ete. = Cycle repeated as described in 
steps 1 through 4. 


8-95. As illustrated in the examples, the operating 
program is not addressed in numerical order. To 
simplify the understanding of how the program 
causes the circuits to operate, Figure 8-15 is 
arranged so that all of the words associated with a 
particular function are grouped together and 
designated a subroutine. After the power up 
subroutine is completed, a complete program cycle 
is executed for each measurement. The cycle is 
considered to start at the Local Initialize or 
Local/Remote Branch subroutine and to end at the 
Display and Remote Talk Subroutine. (When 
auto-ranging is enabled and an_ out-of-range 
measurement is obtained, a measurement sub-loop 
is enabled to prevent completion of the program 
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cycle until an in-range measurement is obtained on 
any range, or an out-of-range measurement is 
obtained on the last range.) When local operation is 
selected, the program is allowed to free run and 
measurements are taken asynchronously to changes 
in the RF input power level. When remote opera- 
tion is selected, an additional capability is provided 
to enable the start of each program cycle to be 
triggered by an external input. Thus, for remote 
operation, measurements can be taken synchron- 
ously or asynchronously to changes in the RF input 
power level. 


8-96. Mode Selection. The Mode Select inputs are 
applied to the Controller in a “WIRED OR” 
configuration to enable either Local or Remote 
mode selection. When the Power Meter is 
configured for Local Operation, the Remote 
Enable input to the Pushbutton Switch Assembly 
is high and the Mode Select outputs of the Remote 
Interface Circuits are set to the logic 1 (+5V) state. 
Thus, the Pushbutton Switch Assembly is enabled 
to select the operating mode for the Power Meter. 
When the Power Meter is configured for remote 
operation, the Remote Enable input is low, the 
outputs of the Pushbutton Switch Assembly are 
held at logic 1, and the Mode Select outputs of the 
Remote Interface Circuits select the operating 
mode of the Power Meter. 


8-97. The Mode Select inputs (IYM1 and IYM2) 
are coded as indicated below to select the 
operating mode of the Power Meter. These inputs 
are clocked into the Mode Register at the start of 
each program cycle by the LCKM output of the 
Instruction Decoder. The resultant outputs of the 
Mode Register are then gated together for the 
duration of the program cycle to provide the 
following signals as required to implement the 
operating mode selected. 


lYM2 


WATT 

dB (REL) 
dB [REF] 
dBm 


a. Mode Qualifiers. These outputs are coded 
as listed above to indicate the operating mode 


selected. They are accessed at various points in the 
program cycle to control program branching 
and/or instruction generation. 


b. dBm Mode Selected. When the dBm Mode 
is selected, this output is active and lights the 
front-panel dBm indicator. 


c. Log Mode and YLog. These outputs are 
active when either the dBm, dB [REF], or dB 
(REL) Mode is selected. The Log Mode signal 
forms part of the address applied to the 
True-Range Decoder. The YLOG signal is gated 
with other inputs by the Up/Down Count Control 
Logic to control the direction in which the Main 
Counter counts when enabled by the Controller. 


d. Mode Bits 1 and 2. Mode Bits 1 and 2 are 
coded as listed previously to indicate to the 
Remote Interface Circuits which operating mode is 
selected for the Power Meter. Additionally, the 
NM2 signal is also applied to the Display Assembly 
to light the dB (REL) indicator when the dB 
Relative Mode is selected. 


8-98. When the front-panel SENSOR ZERO 
switch is pressed, the NZR input to the Auto-Zero 
Timer enables the Sensor Zero output to be 
activated for a period of approximatley four 
seconds. While this signal is active it overrides the 
Mode Select inputs to the Buffers and sets the 
IYM2 and the IYM1 outputs to 1 and 0, 
respectively. Thus if the Power Meter was not 
configured for Watts Mode operation when the 
SENSOR ZERO switch was pressed, Watts 
operation will be enabled at the start of the first 
program cycle after the Sensor Zero signal is 
activated. The Power Meter will then return to the 
operating mode selected by the Mode Select inputs 
at the start of the first program cycle following 
termination of the Sensor Zero signal. While the 
Sensor Zero signal is active, the remaining outputs 
of the Buffers are active and provide the following 
functions: 


a. Sensor Auto-Zero Enable. This output is 
applied to the Auto-Zero circuits to close the 
feedback loop to the Power Sensor. 


b. Sensor Auto-Zero Status. This output is 
applied to the Display Assembly to light the ZERO 
indicator. 


8-137 


Service 


Model 436A 


CIRCUIT DESCRIPTIONS 


Service Sheet 3 (cont'd) 

c. RF Blanking. This output is available at a 
rear panel connector for suppression of an external 
instrument’s RF output. 


8-99. Range Selection. The Auto-Range Qualifier 
input is applied to the Controller in a “WIRED 
OR” configuration to enable local or remote 
control of this function (Remote Enable line high 
or low, respectively). When this input is low, the 
operating program is enabled to count the Range 
Counter up (LCRU instruction) or down (LCRD 
instruction) as required to obtain an in-range 
measurement. When the input is high, the 
operating program is inhibited from changing the 
range upon detection of an under-range or an 
over-range condition. Thus, for local operation a 
high Auto-Range Qualifier input causes the Power 
Meter to hold the last range previously selected in 
the Power Up Subroutine or during execution of 
the operating program. For remote operation, a 
high Auto-Range Qualifier input causes the 
Remote Range Select inputs to be loaded into the 
Range Counter at the start of each program cycle 
to select a specific range for each measurement. 


8-100. In addition to checking the Auto-Range 
Qualifier at various points in the program cycle, 
the operating program also checks for an invalid 
range selection at the start of each cycle. When 
remote operation is selected, ranges 6 and 7 are 
considered invalid; when local operation is 
selected, range 0 is also considered invalid. Upon 
detection of an invalid range, the operating pro- 
gram generates LCRD instructions as required to 
count the Range Counter down to range 5. 


8-101. A-D Converter Auto-Zero Function. The 
Controller and Main Counter operating cycle asso- 
ciated with auto-zeroing the A-D Converter is 
described in the following paragraphs. 


a. The Controller first generates an LCLR 
instruction to set the output of the Main Counter 
to 0000 and to store a positive sign in the Sign 
Latch (YSPL high, NSPL low). 


b. The Controller then generates LAZ and 
LCNT instructions on the trailing edge of every 01 
Clock Pulse while monitoring the Count Qualifier 
outputs of the Main Counter. The LCNT instruc- 
tions are processed by the Up/Down Count 


Control Logic as indicated in Table 8-7 to provide 
Up Clock outputs to the Main Counter. The LAZ 
instructions are clocked into the A-D Control 
Register by the HPLS 2 clock, thereby maintaining 
a continuous LAZO output to the A-D Converter. 


c. When the Count Qualifier outputs equal a 
predetermined value stored in the operating pro- 
gram, the Controller terminates the LAZ and 
LCNT instructions and generates an LCLR instruc- 
tion. The LCLR instruction returns the output of 
the Main Counter to 0000 and stores a positive sign 
in the Sign Latch (YSPL high; NSPL low). The 
absence of the LAZ instruction causes the HPLS 2 
clock pulse to reset the LAZO output of the A-D 
Control Register, thereby terminating the Auto- 
Zero function. 


8-102. A-D Converter Measurement Function. The 
Controller and the Main Counter operating cycle 
associated with the measurement function is the 
same as described before for the Auto-Zero Func- 
tion except that an LINP instruction is generated 
in lieu of an LAZ instruction. The LINP instruc- 
tion enables the LRIN output of the A-D Control 
Register. This output is then maintained for 
33.32 mS (Main Counter is counted up to 2000) to 
allow the A-D ramp to charge to —7 times the dc 
input volage. 


8-103. A-D Converter Linear Conversion. An A-D 
converter linear conversion is enabled following the 
measurement function when the Power Meter is 
configured for WATT MODE operation. The Con- 
troller and Main Counter operating cycle associated 
with a linear conversion is described in the follow- 
ing paragraph. 


a. The Controller checks the A-D Converter 
qualifier to ascertain whether it represents a posi- 
tive or negative input power level. (A negative 
power level indicates a high noise condition at the 
input to the Power Sensor). If it represents a 
negative power level, an LPSC instruction is gener- 
ated to load the True-Range Counter and Sign 
Preset inputs into the Main Counter and Sign 
Latch, respectively. For WATT MODE operation 
these inputs are such that the output of the Main 
Counter remains at 0000 and the output of the 
Sign Latch changes to indicate a negative sign. 


eee 
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Table 8-7. Up/Down Count Control Logic Steering 
Inputs to Up/Down Count Control Logic 
Function LCONT LREL YLOG YSPL NSPL YSPL- NSPL | Output | Notes 
Ref Ref 


Pulse High High — Xx X Up Clock 
Pulse High Low xX X Down 

i Low 

i Low 


A-D Converter Auto- 
Zeroing and DC 
Input Loading 


A-D Converter 
Linear Conversion 


A-D Converter 
dB Conversion 


Clock 
Pulse 


Counter dB 
Rel Conversion 


if X indicates don't care. 


2. Main Counter is always preset to minimum threshold of range selected (—20.00 dBm, +10.00 dBm, etc.) 
and counted in direction of increasing power. Thus, if Sign Latch is preset positive, Main Counter is 
counted up; if Sign Latch is preset negative, Main Counter is counted down. If Main Counter is counted 
through 0000 Borrow output toggles Sign Latch thereby causing output and count direction to reverse. 


3. The purpose of the dB Relative function is to indicate an input power level with respect to a reference 
value stored in the Reference Register. This function is effected as follows: 


a. First the dB value of the RF input power level is acquired via an A-D conversion. 

b. The reference number stored in the Reference Register is loaded into the Relative Counter. 

‘el The Relative Counter is counted down to 0000. 

d. The sign of the stored reference is compared with the sign of the RF input power level. If the 
signs are the same the Main Counter is counted down to “‘subtract”’ the reference value from 
the measured value; if the signs are not the same, the Main Counter is counted up to “add” the 


reference value to the measured value. 


é. If the Main Counter is counted down through 0000, the Borrow output resets the Sign Latch 
and the count direction is reversed. 


i When the Relative Counter output is 0000, the Main Counter output indicates the measured 
value with respect to the stored reference. 
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b. The Controller then monitors the count 
and A-D qualifier inputs while generating an LRMP 
instruction on the negative alternation of every 01 
clock pulse and an LCNT instruction on the nega- 
tive alternation of every other 01 clock pulse. The 
LCNT instructions are processed by the Up/Down 
Count Control Logic as indicated in Table 8-7 to 
provide up clock inputs to the Main Counter. The 
LRMP instructions are clocked into the A-D Con- 
trol Register by the HPLS 2 clock, thereby pro- 
viding a continuous Ramp Enable output to the 
A-D Control Gates. This signal is then gated with 
the outputs of the Sign Latch and the YLOG signal 
to provide a continuous LRP output when the sign 
of the input power level is positive, and a contin- 
uous LRM output when the sign of the input 
power level is negative. 


c. The continuous LRP or LRM input causes 
the A-D ramp to be discharged at a constant rate. 
If the ramp discharges through threshold in less 
than 0100 counts, an under-range condition is 
detected. If the ramp does not reach threshold by 
1200 counts, an over-range condition is detected. 
If the ramp reaches threshold between these two 
points in time, an in-range condition is detected. 


8-104. A-D Converter Linear Under-Range Regis- 
tration. Registration of a linear under-range con- 
version is described in the following paragraphs. 


a. The LRMP instruction is disabled, causing 
the HPLS 2 clock to reset the LRP or LRM output 
of the A-D Control Register and gates. With this 
signal reset, the LRP or LRM output of the A-D 
Control Gates is disabled, thereby terminating the 
conversion. 


b. The LCNT instruction is also terminated 
to “‘freeze”’ the number in the Main Counter. 


c. An LCOR instruction is generated to reset 
the outputs of the Over/Under Range Decoder. 


d. If the measurement was taken on range 1, 
and LTC instruction is generated to transfer the 
output of the Sign Latch to the Sign Display 
Indicator via the Display Sign Latch, to load the 
output of the Main Counter into the Display 
Registers, and to indicate to the Remote Interface 
Circuits that the measurement is completed. 


e. If the measurement was taken on ranges 2 
through 5 with Auto-Ranging disabled, an LSUR 
instruction is generated prior to the LTC instruc- 
tion to enable the UR LED and HUR status 
outputs of the Over/Under Range Decoder. The 
UR LED output lights the front-panel UNDER 
RANGE indicator. The HUR output is gated with 
the HOR output by the Remote Interface Circuits 
to provide one of four possible status outputs to 
the Remote Interface Control Circuit. 


f. If the measurement was taken on ranges 
two through five with Auto-Ranging enabled, an 
LTC instruction is not generated. Instead, an 
LSOR instruction is generated to enable the 
LBLANK output of the Over/Under Range 
Decoder and thus blank the front panel display. 
(An LCOR instruction resets all outputs of the 
Over/Under Range Decoder. An LSOR instruction 
enables the LBLANK, HOR, and OR LED outputs. 
An LSUR instruction enables the HUR and UR 
LED outputs and resets the OR LED output; it 
does not affect the LBLANK or HOR outputs. The 
Over/Under Range Decoder outputs are not pro- 
cessed by the Remote Interface Circuits until an 
LTC instruction is generated.) Following the LSOR 
instruction, and LCRD instruction is generated to 
count the Range Counter down one range, then 
another measurement is taken. This cycle is 
repeated until either an in range measurement is 
obtained, or the Range Counter is counted down 
to range 1. Registration of an in-range condition is 
accomplished the same as for a range 1 under-range 
condition. 


8-105. A-D Converter Linear In-Range Registra- 
tion. Registration of a linear in-range conversion is 
accomplished as previously described for an under- 
range, range 1 condition. 


8-106. A-D Converter Linear Over-Range Registra- 
tion. Registration of an over-range conversion is 
described in the following paragraphs. 


a. The LRMP instruction is disabled, causing 
the HPLS 2 clock to reset the LRP or LRM output 
of the A-D Control Register and gates and thereby 
terminating the conversion. 


b. The LCNT instruction is also terminated 
to “‘freeze’’ the number in the Main Counter. 


le” 
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ec. An LCOR instruction is generated to reset 
the outputs of the Over/Under Range Decoder. 


d. If the measurement was taken on ranges 5 
or on ranges one through four with Auto-Ranging 
disabled, an LSOR instruction is generated to 
enable the OR LED, HOR, and LBLANK outputs 
of the Over/Under Range Decoder. The OR LED 
output lights the front-panel OVER RANGE 
indicator, the LBLANK output blanks the front- 
panel numeric display, and the HOR output is 
gated with the HUR output by the Remote Inter- 
face Circuits to provide one of four status outputs 
to the Remote Interface Controller. After the 
LSOR instruction is generated, an LTC instruction 
is generated to transfer the output of the Sign 
Latch to the front-panel Sign Display Indicator via 
the Display Sign Latch, to load the output of the 
Main Counter into the Display Registers, and to 
indicate to the Remote Interface Circuits that the 
measurement is completed. Since the LBLANK 
output is active at this time, only the most signi- 
ficant digit of the Main Counter output is dis- 
played on the front-panel. 


e. If the measurement was taken on ranges 
one through four with Auto-Ranging enabled, an 
LTC instruction is not generated after the LSOR 
instruction. Instead, an LCRU instruction is 
generated to count the Range Counter up one 
range, then another measurement is taken. This 
cycle is repeated until either an in-range measure- 
ment is obtained, or the Range Counter is counted 
up to range five. 


8-107. A-D Converter Log Conversion. A log 
conversion is enabled following the measurement 
function when the Power Meter is configured for 
dBm, dB [REF], or dB (REL) Mode operation. 
The Controller and Main Counter operating cycle 
associated with this conversion is described in the 
following paragraphs. 


NOTE 


An LCLR instruction is generated follow- 
ing the measurement function to set the 
output of the Main Counter to 0000, and 
to store a positive sign in the Sign Latch. 


a. The Controller generates an LPSC instruc- 
tion to load the True-Range Counter and Sign 


Ie ap 


Preset outputs of the True-Range Decoder into the 
Main Counter and Sign Latch, respectively. As 
stated on Service Sheet 2, these inputs correspond 
to the minimum threshold of the range selected. 
The threshold can be either a positive or negative 
number (—1000, +2000, etc.) and, for any given 
range, it is determined by the overall sensitivity of 
the Power Sensor in use. 


b. The Controller checks the state of the 
A-D qualifier input to determine whether the dc 
input has caused the A-D ramp to exceed the value 
of the log threshold. (When the YLOG input to the 
A-D Control Gates is active, the LLGR output is 
enabled to select the log threshold whenever the 
A-D Converter is not being auto-zeroed.) If the 
A-D qualifier input is OV, indicating that the ramp 
has not charged through threshold, the Controller 
detects an under-range conversion. Registration of 
the under-range conversion is described below. 


c. If the A-D qualifier is +5V, indicating that 
the ramp has charged through threshold, the Con- 
troller alternately monitors the count and A-D 
qualifier inputs while generating an LRMP 
instruction on the negative alternation of each 01 
clock pulse and an LCNT instruction on the nega- 
tive alternation of every other 01 clock pulse. The 
LCNT instructions are processed by the Up/Down 
Count Control Logic as indicated in Table 8-7 to 
provide up or down clock outputs to the Main 
Counter. The LRMP instructions are clocked into 
the A-D Control Register by the HPLS 2 clock, 
thereby providing a continuous ramp enable 
output to the A-D Control Gates. Since the YLOG 


input to the A-D Control Gates is also active, the 


gates provide a continuous LRL output along with 
the LLGR output to enable the log conversion 
slope of the A-D ramp. 


d. The continuous LRL output causes the 
A-D ramp to be discharged at an exponential rate. 
If the ramp discharges through threshold in less 
than 1100 counts, an in-range conversion is de- 
tected. If the ramp does not reach threshold by 
1100 counts, an over-range conversion is detected. 
Registration of in-range and over-range conditions 
is covered in the following paragraphs. 


8-108. A-D Converter Log Under-Range Registra- 
tion. Registration of a log under-range conversion is 
described in the following paragraphs. 
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a. The Controller generates an LSUR 
instruction followed by an LSOR instruction to 
enable the UR LED, HUR, HOR, and LBLANK 
outputs of the Over/Under Range Decoder. The UR 
LED output lights the front-panel UNDER 
RANGE indicator and the LBLANK output blanks 
the front-panel display. The HUR and HOR out- 
puts are gated together by the Remote Interface 
Circuits to provide one of four possible status 
outputs to the Remote Interface Controller. 


b. If the measurement was taken on ranges 2 
through 5 with Auto-Ranging enabled, and LCRD 
instruction is generated to count the Range Coun- 
ter down one range, then another measurement is 
taken. This cycle is repeated until an in-range 
measurement is obtained or the Range Counter is 
counted down to range 1. 


c. If the measurement was taken on range 1, 
or on ranges 1 through 5 with Auto-Ranging 
disabled, an LCRD instruction is not generated to 
count the Range Counter down. Instead, the Mode 
Qualifier Bits are checked to determine whether 
dBm, dB (REL), or dB [REF] operation is se- 
lected. If dBm operation is selected, an LTC 
instruction is generated to transfer the output of 
the Sign Latch to the front-panel Sign Indicator via 
the Display Sign Latch, to load the output of the 
Main Counter into the Display Registers, and to 
indicate to the Remote Interface Circuits that the 
measurement is completed. If dB (REL) operation 
is selected, an LCLR instruction is generated prior 
to the LTC instruction to set the output of the 
Main Counter to 0000. If dB [REF] operation is 
selected, an LLRE isntruction is generated after 
the LCLR instruction and before the LTC instruc- 
tion to load the 0000 output of the Main Counter 
into the Reference Register, thereby clearing any 
reference value previously stored. (Refer to the 
paragraph dB (REL) Conversion.) 


8-109. A-D Converter In-Range Registration. 
Registration of an in-range conversion is described 
in the following paragraphs. 


a. The LRMP instruction is terminated, 
causing the HPLS 2 clock to reset the LRMP 
output of the A-D Control Register. With this 
signal reset, the LRL output of the A-D Control 
Gates is disabled, thereby terminating the conver- 
sion. 


8-142 


b. The LCNT instruction is also terminated 
to “‘freeze’’ the number in the Main Counter. 


c. An LCOR instruction is generated to reset 
the outputs of the Under/Over Range Decoder. 


d. The Mode Qualifier Bits are checked to 
determine whether dBm, dB (REL), or dB [REF] 
operation is selected. If dBm operation is selected, 
an LTC instruction is generated to transfer the 
output of the Sign Latch to the front-panel Sign 
Indicator via the Display Sign Latch, to load the 
output of the Main Counter into the Display 
Registers, and to indicate to the Remote Interface 
Circuits that the measurement is completed. If dB 
[REF] or dB (REL) operation is selected, a rela- 
tive dB conversion is performed as described below 
before the LTC instruction is generated. 


8-110. A-D Converter Log Over-Range Regis- 
tration. Registration of an over-range conversion is 
described in the following paragraph. 


a. The LRMP instruction is terminated, 
causing the HPLS 2 clock to reset the LRMP 
output of the A-D Control Register. With this 
signal reset, the LRL output of the A-D Control 
Gates is disabled, thereby terminating the conver- 
sion. 


b. The LCNT instruction is also terminated 
to ‘“‘freeze’’ the number in the Main Counter. 


-c. An LCOR instruction is generated to reset 
the outputs of the Over/Under Range Decoder. 


d. If the measurement was taken on range 1 
through 4 with Auto-Ranging enabled, an LCRU 
instruction is generated to count the Range Coun- 
ter up one range, then another measurement is 
taken. This cycle is repeated until an in-range 
measurement is obtained or the Range Counter is 
counted up to range 5. 


e. If the measurement was taken on range 5, 
or on ranges 1 through 4 with Auto-Ranging 
disabled, an LCRU instruction is not generated to 
count the Range Counter up. Instead, the Mode 
Qualifier Bits are checked to determine whether 
dBm, dB (REL) or dB [REF] operation is selected. 
If dBm operation is selected, an LTC instruction is 
generated to transfer the output of the Sign Latch 
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to the front-panel Sign Indicator via the Display 
Sign Latch, to load the output of the Main Counter 
into the Display Register, and to indicate to the 
Remote Interface Circuits that the measurement is 
completed. If dB (REL) operation is selected, an 
LCLR instruction is generated prior to the LTC 
instruction to set the output of the Main Counter 
to 0000. If dB [REF] operation is selected, an 
LLRE instruction is generated after the LCLR 
instruction and before the LTC instruction to load 
the 0000 output of the Main Counter into the 
Reference Register, thereby clearing any reference 
value previously stored. (Refer to paragraph dB 
(REL) Conversion.) 


8-111. A-D Converter dB (REL) Conversion. A dB 
(REL) conversion is performed after an in-range 
log conversion when the Power Meter is configured 
for dB [REF] or dB (REL) Mode operation. The 
purpose of this conversion is to indicate the RF 
input power level with respect to a stored refer- 
ence. The reference is selected by pressing the dB 
[REF] switch when the desired level is applied to 
the Power Meter. While the dB [REF] switch is 
pressed, the reference is updated during each pro- 
gram cycle. When the dB [REF] switch is released, 
the reference is ‘‘frozen’’ and the Power Meter is 
automatically configured for dB (REL) operation 
on the next program cycle. The Power Meter will 
then remain configured for dB (REL) operation 
until WATT or dBm MODE operation is subse- 
quently selected. 


8-112. When the Mode Qualifier Bits indicate that 
the dB [REF] mode is selected, an LLRE instruc- 
tion is generated after an in-range log conversion to 
load the outputs of the Main Counter and the Sign 
Latch into the Reference Register. (Power Meter 
accuracy specifications apply to in-range measure- 
ments. If the dB [REF] mode is selected and an 
out-of-range log conversion is detected, an LCLR 
instruction is generated prior to the LLRE instruc- 
tion to set the output of the Main Counter to 0000 
and to store a positive sign in the Sign Latch. Thus, 
the Reference Register is effectively cleared to 
prevent an inaccurate reference from being used as 
the basis of future dB (REL) indications.) After 
the measured value is stored in the Reference 
Register, a dB (REL) conversion is enabled to 
indicate the measured value with respect to the 
stored reference. At the end of this conversion the 


a 


output of the Main Counter will be 0000 because 
the measured value and the reference value were 
equal at the start of the conversion. The Controller 
then continues to enable one log and one dB 
[REF]/dB(REL) conversion per program cycle 
until the dB [REF] switch is released and the 
Mode Qualifier Bits change to indicate that the dB 
(REL) Mode is enabled. Following each dB 
[REF]/dB(REL) conversion, the outputs of the 
Main Counter (0000) are loaded into the front- 
panel Display Register by the LTC instruction. 


8-113. When the dB [REF] switch is released, the 
new Mode Select Code is loaded into the Mode 
Register at the start of the next program cycle to 
enable the dB (REL) mode. For this mode an 
LLRE instruction is not generated after an in-range 
log conversion. Thus, the reference stored during 
the last program cycle is used for each dB relative 
conversion. The Controller and Main Counter 
operating cycle associated with the dB relative 
conversion is described in the following paragraphs. 


a. An LCOR instruction is generated to load 
the output of the Reference Register into the 
Relative Counter and to set the Relative Counter = 
0 (NRZO) qualifier to logic one. When this qualifier 
subsequently changes state, the Controller will 
detect that the conversion is completed. 


b. The Controller generates an LREL 
instruction to count the Relative Counter down 
one count. This is necessary because the Relative 
Counter has to be clocked one count past 0000 to 
change the state of the Relative Counter = 0 
(NRZO) qualifier. 


c. The Controller monitors the Relative 
Counter = 0 qualifier (set to logic 1 by LCOR 
instruction) while generating LREL and LCNT 
instructions on the trailing edge of every negative 
alternation of the 01 clock pulse. The LREL 
instructions serve as down clocks to the Relative 
Counter and are gated with the LCNT instruction 
by the Up/Down Count Control Logic to provide 
up or down clock outputs to the Main Counter as 
indicated in Table 8-7. Note that up clocks are 
provided when the signs of the input and reference 
power levels are different and down clocks are 
provided when the signs are same. Note also that if 
the Main Counter is counted down through 0000, 
the Borrow output of the Main Counter toggles the 


8-143 


Service 


Model 436A 


CIRCUIT DESCRIPTIONS 


Service Sheet 3 (cont'd) 

Sign Latch, causing the sign outputs and, thus, the 
direction of counting to change. As illustrated in 
the examples below, this counting technique 
comprises an algebraic subtraction with the input 
power level representing the minuend and the 
reference power level representing the subtrahend. 


Input Power Level +5.00dB +5.00dB +5.00dB 
Reference Level +3.00dB +7.00dB  -—5.00dB 
Result +2.00dB -2.00dB +10,00dB 
Input Power Level: —5.00dB -5.00dB —5.00dB 
Reference Level -3.00dB -7.00dB +5.00dB 
Result —2.00dB +2.00dB -10.00dB 


d. When the Relative Counter = 0 qualifier 
changes state, the Controller detects that the con- 
version is completed and terminates the LREL and 
LCNT instructions. At this point, the outputs of 
the Main Counter and the Sign Latch indicate the 
input power level with respect to the stored refer- 
ence. 


e. After terminating the LREL and LCNT 
instructions, the Controller generates an LTC 
instruction to transfer the output of the Sign Latch 
to the front-panel Sign Indicator via the Display 
Sign Latch, to load the output of the Main Counter 
into the Display Register, and to indicate to the 
Remote Interface Circuits that the measurement is 
completed. 


8-114. Service Sheet 4 


8-115. General. The Hewlett-Packard Interface 
Bus circuits (Option 022) add _talker/listener 
capability to the Power Meter. When the listener 
function is selected, the Power Meter accepts pro- 
gramming inputs asynchronously to the operating 
program and stores the data so that it can be 
accessed during each program cycle. When the 
talker function is selected, the Power Meter out- 
puts measurement and status data in a bit-parallel, 
word-serial format during the display and remote 
talk subroutine. 


8-116. The descriptions which follow assume a 
basic understanding of Hewlett-Packard Interface 
Bus (HP-IB) operation. For additional information 


covering HP-IB operation, refer to ‘“Hewlett- 
Packard Interface Bus Users Guide’”’ (HP Part No. 
59300-90001 for HP 9820, and 59300-90002 for 
HP 98380) and ‘“‘Condensed Description of the 
Hewlett-Packard Interface Bus’’ (HP Part No. 
59401-90030). 


8-117. Command Mode Operation. 


8-118. The HP-IB circuits are placed in the com- 
mand mode when the Remote Interface Controller 
sets the comand mode enable (ATN) line low. In 
this mode the HP-IB circuits will respond to a 
listen address, a talk address, an unlisten command, 
a universal device clear command, an interface 
clear (IFC) input, and a remote enable (REN) 
input. 


8-119. Handshake Timing. When the HP-IB cir- 
cuits are in the command mode, the LATN output 
of the Clock Generator is held low to disable the 
Function Decoder and to enable the Listen Trans- 
fer Control Gates. (The LATN input to the Listen 
Transfer Control Gates is OR’ed with the L Listen 
input so that the gates are also enabled when the 
bus is in the data mode and the Power Meter is 
addressed to listen.) While the Listen Transfer 
Control Gates are enabled, they function in con- 
junction with the Clock Generator to generate the 
NRFD and NDAC outputs necessary to complete 
each Remote Interface Controller initiated data 
transfer cycle. (When the gates are disabled, the 
NRFD and NDAC outputs are set high so that they 
will not interface with HP Interface Bus 
operation.) When the Remote Interface Controller 
has data available, it sets the DAV line low, 
thereby enabling the Clock Generator to set the 
Data Accept Clock low a short time later as shown 
in Figure 8-19. The Listen Transfer Control Gates, 
in turn, process the low Data Accept Clock to set 
the NRFD line low (Not Ready For Data) and the 
NDAC line high (Data Accepted). These outputs 
are then maintained until all instruments on the HP 
Interface Bus indicate that they have accepted the 
data. When this occurs, the Remote Interface 
Controller sets the DAV line high, thereby termi- 
nating the Data Accept Clock a short time later. 
With the Data Accept Clock terminated, the NRFD 
output of the Listen Transfer Control Gates is set 
high (ready for data) and the Data Accept line is 
reset low to enable the next data transfer initiated 
by the Remote Interface Controller. 


— -_—_ UU 
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DATA ACCEPT CLOCK 


NOTES: 
1. The HCLK output of the clock generator is enabled only during the com- 


mand mode; the LCLK and data accept clocks are enabled in both the 
command and data modes. 


2. The listen transfer control gates process the data accept clock to generate the 
NRFD and NDAC handshake signals in the command mode and, when the 
Power Meter is addressed to listen, in the data mode also. If the Power Meter 
is not addressed to Listen in the data mode, both signals are set high so that 
they do not affect HP-IB operation. 


Figure 8-19. HP-IB Listen Handshake Timing 
8-145 


Service 


Model 486A 


CIRCUIT DESCRIPTIONS 


Service Sheet 4 (cont’d) 

8-120. Talker and Listener Addressing. Factory 
installed jumpers select talk address ‘‘M”’ and listen 
address “‘“—’’ for the Power Meter. (Instructions for 
reconnecting the jumpers to change the talk and 
listen addresses are provided in Section II, Installa- 
tion.) In Table 2-2, it is shown that the binary code 
for both of these addresses is the same except for 
data bits 6 and 7. Thus, when either of these 
addresses is present on the data lines, the Address 
Decoder is enabled by data bits 1—5 and provides 
an Address Enabled output to the Listen and Talk 
Registers. Discrimination between the addresses is 
accomplished by the Talk Decoder and the Listen/ 
Unlisten Decoder. For talk address “‘M’’, the Talk 
Decoder is enabled by data bits 6 and 7 and 
generates a Talk Clock output in response to the 
HCLK input. For listen address ‘“‘—’’, the Listen/ 
Unlisten Decoder is enabled by data bits 6 and 7 
and generates a Listen Clock output in response to 
the HCLK input. (The data bits 1 through 5 inputs 
to the Listen/Unlisten Decoder enable it to pro- 
duce an Unlisten output when the Remote Inter- 
face Controller generates a Universal Unlisten Com- 
mand.) 


8-121. Since the Talk or Listen Clock is generated 
while the Address enable signal is active, the 
associated register is clocked to the set state to 
enable the talk or listen function when the data 
bus is subsequently set to the data mode. Resetting 
of the register to terminate the function occurs 
when the Power Meter is unaddressed to talk or 
listen, or when the Remote Interface Controller 
activates the Interface Clear (IFC) line to clear the 
HP Interface Bus of all talkers and listeners. 


8-122. The Power Meter can also be configured as 
a talker by setting the TALK ONLY/NORMAL 
switch to the TALK ONLY position. When the 
switch is in this position, the set input of the Talk 
Register is tied to ground to hold the register in the 
set state. Since there can only be one talker at a 
time on the HP Interface Bus, this function is 
normally selected only when there is no Remote 
Interface Controller connected to the system (e.g., 
when the Power Meter is interconnected with an 
HP 5150A Recorder) as the Power Meter has no 
provision for generating programming commands 
necessary to control the operation of other instru- 
ments on the HP Interface Bus. 


8-146 


8-123. Remote Enable. Remote operation of the 
Power Meter is enabled when the HREM and 
Remote Enable (LREM) outputs of the Remote 
Enable Logic are true (refer to Table 8-6 and to the 
Data Mode Programming paragraph). These 
outputs are provided by a gated flip-flop which is 
set only when the Listen Clock and Address Enable 
signals are active while the Remote Enable (REN) 
input is true (low). Thus, to select remote opera- 
tion of the Power Meter, it is necessary to address 
the Power Meter to listen after the Remote Enable 
(REN) line is set true. The Remote Enable Logic 
will then remain set until the Remote Enable 
(REN) line is set false to terminate remote opera- 
tion of all instruments on the HP Interface Bus. 


NOTE 


When the Power Meter is addressed to 
talk, it will output data after each meas- 
urement regardless of whether it is con- 
figured for local or remote operation. 
Refer to Figure 8-15, Sheet 14. 


8-124. The remaining input to the Remote Enable 
Logic is the LPU signal generated by the Controller 
when the Power Meter is first turned on, and by 
the Device Clear Generator when a Device Clear 
Command is detected. This input is applied to the 
Remote Enable Logic in a ““WIRED OR” configur- 
ation, and an RC network is used to discriminate 
between the signal sources. When the Power Meter 
is first turned on, the LPU output of the Controller 
is mainatined for approximately 500 ms, thereby 
allowing the RC network to discharge to OV and 
reset the Remote Enable Logic. When a Device 
Clear Command is detected, the LPU output of the 
Device Clear Generator is equal in width to the 
HCLK input and does not discharge the RC net- 
work. Thus, when the Power Meter is first turned 
on, it is automatically configured for local opera- 
tion. If remote operation is subsequently selected, 
the Power Meter will remain configured for remote 
operation until the Remote Enable (REN) input is 
set false to terminate remote operation of all 
instruments on the HP Interface Bus. 


8-125. Device Clear. When a Device Clear Code is 
placed on the HP-IB data lines, the Device Clear 
Generator is enabled and provides an LPU otuput 
in response to the HCLK input. As shown on the 
block diagram, this output is tied to the LPU 
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Service Sheet 4 (cont’d) 

output of the Controller in a *>WIRED-OR” config- 
uration. The pulse width of the Device Clear 
Decoder output, however, is much narrower than 
the Controller LPU output so it does not discharge 
the RC networks installed at the inputs to the 
Reset Generator and the Remote Enable Logic. 
Thus, the function of the Device Clear Decoder 
LPU output is limited to reinitializing the opera- 
ting program to starting address 000g (refer to 
Table 8-6) and to selecting a predetermined opera- 
ting mode and range for the Power Meter when 
remote operation is enabled (refer to the Data 
Mode Programming paragraph). 


8-126. Interface Clear. When the Interface Clear 
(IFC) input is true (low) the Reset Generator is 
enabled and provides a Reset output to the Talk 
and Listen Registers. Thus if the Power Meter was 
addressed to talk or listen previously, the talk or 
listen function is cleared. Similarly, when power is 
first turned on to the Power Meter, the pulse width 
of the Controller LPU output is of sufficient 
duration to discharge the Reset Generator RC 
network and thereby cause a Reset output to be 
applied to the Talk and Listen Registers. 


8-127. Talker Unaddressing. When the TALK 
ONLY/NORMAL switch is set to the NORMAL 
position, the Remote Interface Controller can 
unaddress the Power Meter to talk by setting the 
Interface Clear (IFC) line true (refer to previous 
description), by addressing some other instrument 
on the HP Interface Bus to talk, or by generating a 
Universal Untalk Command. In Table 2-2, it is 
shown that data bits 6 and 7 are coded the same 
for all valid HP-IB talk addresses and for the 
Universal Unlisten Command. When any of these 
codes are placed on the HP-IB data lines, the Talk 
Decoder is enabled and provides a Talk Clock 
output in response to the HCLK input. For any 
address but that selected by the factory installed 
jumpers, however, data bits 1 through 5 are coded 
such that the Address Decoder is disabled. Thus, 
the absence of the Address Enable signal causes the 
Talk Register to be clocked to the reset state by the 
Talk Clock. 


8-128. Listener Unaddressing. The Remote Inter- 
face Controller can unaddress the Power Meter to 
listen by setting the Interface Clear (IFC) line true 
(refer to previous description), or by generating a 


Universal Unlisten Command. The Universal 
Unlisten Command is coded such that data bits 1 
through 5 disable the Address Decoder and enable 
the Unlisten output of the Listen/Unlisten De- 
coder. Data bits 6 and 7 are coded the same as for 
any valid HP-IB listen address, so they enable the 
Listen/Unlisten Decoder to also provide a Listen 
Clock output in response to the HCLK input. With 
the Unlisten Signal Active and the Address Enable 
Signal Inactive, the Listen Register is clocked to 
the reset state by the Listen Clock. 


8-129. The method of unaddressing the Power 
Meter to listen described previously prevents the 
Power Meter from being unaddressed to listen 
when other instruments on the HP-IB are desig- 
nated as listeners. (There can only be one talker on 
the HP-IB at a time, but there can be up to five 
listeners.) If any other listen address than that 
assigned to the Power Meter is placed on the 
HP-IB, data bits 1 through 5 disable both the 
Address Decoder and the Unlisten output of the 
Listen/Unlisten Decoder. Thus, even though data 
bits 6 and 7 enable the Listen Clock output of the 
Listen/Unlisten decoder, the absence of the 
Address Enable and Unlisten inputs inhibits the 
Listen Register from changing state. 


8-130. Data Mode Operation. 


8-131. The HP-IB circuits are placed in the data 
mode when the Remote Interface Controller sets 
the Command Mode Enable (ATN) line to high. In 
this mode, the HP-IB circuits can function either as 
a talker or a listener. If remote operation of the 
Power Meter is enabled and the circuits were 
previously addressed to listen, they accept and 
decode programming inputs received over the 
HP-IB and store the data to control Power Meter 
operation. If remote operation of the Power Meter 
is enabled and the circuits were previously 
addressed to talk, they provide measurement and 
status outputs in a bit-parallel, word-serial format 
during the operating program Display and Remote 
Talk Subroutine. 


8-132. Listen Handshake Timing. When the HP-IB 
is in the data mode and the HP-IB circuits are 
addressed to listen, the handshake timing outputs 
necessary to complete each Remote Interface 
Controller-initiated data transfer cycle are 
generated as described above for the command 
mode. 
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8-133. General Programming Command Decoding. 
When the HP-IB is in the data mode and the Power 
Meter is addressed to listen, the high LATN and H 
Listen signals enable the Function Decoder. The 
Function Decoder then processes the data bit 4 
through 7 inputs each time that the LCLK is 
generated to indicate that valid data is present on 
the HP-IB. In Table 2-2 it is shown that either data 
bit 6 or 7 is true (OV) for each of the programming 
codes assigned to the Power Meter. With either of 
these data bit inputs low for the conditions de- 
scribed (LATN - high, LCLK - low, H Listen - 
high), the Function Decoder is gated on and 
decodes the HI04, HI05, and HIO6 inputs to 
generate a Clock output which enables the appro- 
priate logic circuit to respond to the programming 
command. The specific Clock output generated for 
each programming command is listed in Table 8-8, 
and the resulting logic circuit operation is sum- 
marized in Table 8-9. 


8-134. When the HP-IB is not in the data mode, 
the Function Decoder is disabled by the low LATN 
input. Similarly, when the Power Meter is not 
addressed to listen, the low H Listen input disables 
the Function Decoder. While the Function De- 
coder is disabled, it does not respond to the data 
bit inputs and so no Clock outputs are provided to 
the Progamming Command Logic Circuits. Thus, 
the Programming Command Logic Circuits are 
inhibited from responding to any data inputs 
except programming commands specifically 
intended for the Power Meter. 


8-135. Mode Programming Command Processing. 
The Mode Clock output of the Function Decoder 
resets the Auto Zero Enable Logic and clocks the 
LIO1 and HI02 data bit inputs into the flip-flops in 
the Mode Select Logic. The outputs of the flip- 
flops are then gated with the HREM input to select 
the operating mode for the Power Meter when 
remote operation is enabled (HREM-high) and to 
allow front-panel ‘“‘WIRED OR” selection of this 
function when local operation is enabled (refer to 
Service Sheet 3, Block Diagram Description, Mode 
Selection). 


8-136. After a Mode Programming Command is 
loaded into the Mode Select Logic flip-flops, the 
flip-flops are inhibited from changing state until a 
new Mode Programmming Command or an LPU 


input is received. When a new Mode Programming 
Command is received, the outputs of the flip-flops 
change to reflect the new mode encoded in the 
command. When an LPU input is received, the 
flip-flops are reset to select WATT Mode operation 
of the Power Meter. 


8-137. Range Programming Command Processing. 
The Range Clock output of the Function Decoder 
resets the Auto-Range Qualifier output of the 
Range Select Logic to disable Auto-Ranging, and 
also clocks the HIO1, LI02, and LI03 data bit 
inputs into flip-flops in the Range Select Logic. 
The inverted outputs of the flip-flop are then 
continuously applied to the Controller as YRR1, 
YRR2, and YRR38 Range Select inputs. Since the 
Auto-Range Qualifier is reset, the Controller loads 
these inputs into the Range Counter at the start of 
each program cycle (when remote operation is 
enabled) to select the operating range for the 
Power Meter. 


8-138. After a Range Select Command is loaded 
into the Range Select Logic flip-flops, the flip-flops 
are inhibited from changing state until a new 
Range Programming Command or an LPU input is 
received. When a new Range Programming Com- 
mand is received, the outputs of the flip-flops 
change to reflect the new range encoded in the 
command. When an LPU input is received, the 
Range flip-flops are reset and the Auto-Range 
flip-flop is reset to select Auto-Ranging when 
remote operation of the Power Meter is enabled 
(refer to the paragraph on Auto-Range Pro- 
gramming Command Processing). 


8-139. Auto-Range Programming Command 
Processing. The LPU input and the Auto-Range 
Enable output of the Function Decoder set a 
flip-flop in the Range Select Logic. The output of 
the flip-flop is then gated with the HREM input to 
select Auto-Ranging when remote operation is 
enabled (HREM-high) and to allow front-panel 
‘WIRED OR” range control of this function when 
local operation is enabled. (When remote operation 
is enabled and the Auto-Range Qualifier is true, the 
Range Select outputs are not loaded into the 
Range Counter at the start of each program cycle. 
Instead, the Range Counter is counted up or down 
during each cycle as required to obtain an in-range 
measurement.) Resetting of the Auto-Range flip- 
flop occurs when the Function Decoder provides a 
Range Clock output (refer to previous description). 
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Table 8-8. Function Decoder Clock Selection 


DATA BIT CODING 


CLOCK SELECTED 


[tins | Hin6 | 


Cal Factor 
Rate Clock 1 


Rate Clock 2 


Table 8-9. Programming Command Logic Operating Summary (1 of 2) 


PROGRAMMING DATA BIT CODING 


COMMAND 


LOGIC CIRCUIT OUTPUT 


YRR1 - high; YRR2 and YRR3 - low 
YRR2 - high; YRR1 and YRR38 - 


—_ 
f= 
i=) 
i) 


LI03 


Range 1 
Range 2 


Range 3 


low 


Auto-Range qualifier set true (low) 
by Auto-Range Clock output of 
Function Decoder 


TYM1 - low; [YM2 - high 
ITYM1 - high; TYM2 - low 


Range 4 L 


Range 5 L 


= 
Mem] Mm] Mm] | |] OX = 


Auto-Range Select (9) 


Watt Mode (A) L 
dB Rel Mode (B) H 
dB Ref Mode (C) L 

X 


IYM1 - low; TYM2 - low 
IYM1 - high; [YM2 - high 


Auto-Zero Enable (NZR) output set 
true (low) by Auto-Zero Clock out- 
put of Function Decoder 


Cal Factor Disable - high 
Cal Factor Disable - open collector 
GF --15V) 
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dBm Mode (D) H 


Sensor Auto Zero 
Enable (Z) 


Cal Factor Disable (+) Xx 
Cal Factor Enable (-) xX 


NOTE: X Indicates Don’t Care 
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Table 8-9. Programming Command Logic Operating Suanary (2 of 2) 


Trigger with setting time 
(T) 


Trigger immediate (I) 


Free run at maximum 
rate (R) 
Free run with settling 
time (V) 


NOTE: X Indicates Don’t Care. 


H LRUN - low; 
LSLOW - low 


LOGIC CIRCUIT OUTPUT 


LRUN - set low by programming 

command; reset by LTC instruction 
generated as start of display and re- 
mote talk subroutine 


LSLOW - low 


LRUN - set low by programming 
command; reset by LTC instruction 
generated at start of display and re- 
mote talk subroutine 


LRUN - low; 
LSLOW - high 
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Data Mode Operation (cont'd) 

8-140. Sensor Auto-Zero Programming Command 
Processing. The Auto-Zero Clock output of the 
Function Decoder sets a flip-flop in the Auto Zero 
Enable Logic. The output of the flip-flop is then 
gated with the HREM input to select Sensor 
Auto-Zeroing when remote operation is enabled 
(refer to Service Sheet 3, Block Diagram Descrip- 
tion, Mode Selection), and to allow front-panel 
“WIRED OR” control of this function when local 
operation is enabled. Resetting of the flip-flop 
occurs when the Function Decoder provides a 
Mode Clock output (refer to previous description) 
or when the Controller or the Device Clear De- 
coder generates an LPU output. 


8-141. Cal Factor Programming Command Pro- 
cessing. The Auto-Zero Clock output of the Func- 
tion Decoder clocks the LI03 data bit input into a 
flip-flop in the Cal Factor Disable Logic. The 
output of the flip-flop is then gated with the 
HREM input. When the HREM input is low, 
indicating that local operation is enabled, the Cal 
Factor Disable line is set false to enable the CAL 
FACTOR % switch (refer to Service Sheet 2). 
When the HREM input is high, indicating that 
remote operation is enabled, the state of the stored 


LI03 bit controls the Cal Factor Disable output. 
For a Cal Factor Enable (—) Programming Com- 
mand, the stored bit is low and sets the Cal Factor 
Disable output false to enable the front-panel CAL 
FACTOR % switch. For a Cal Factor Disable (+) 
Programming Command, the stored bit is high and 
sets the Cal Factor Disable output true to disable 
the CAL FACTOR % switch. Disabling the switch 
is the same as setting it to the 100% position. 


8-142. After a Cal Factor Programming Command 
is loaded into the Cal Factor Disable Logic flip- 
flop, the flip-flop is inhibited from changing state 
until a new Cal Factor Programming Command or 
an LPU input is received. When a new Cal Factor 
Programming Command is received, the flip-flop 
changes state to reflect the new state of the LI03 
data bit. When an LPU input is received, the 
flip-flop is preset to set the Cal Factor Disable 
output true, disabling the front-panel switch. 


8-143. Measurement Rate Programming Command 
Processing. The Rate Clock 1 and 2 outputs of the 
Function Decoder are ORed together so that either 
clock causes the Measurement Rate Select Logic to 
process the LIO1, HIO2, LI03, and HI04 data bit 
inputs. The LI03 bit selects the measurement rate 
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Data Mode Operation (cont'd) 

(delayed or immediate) and the remaining three 
bits select hold , triggered, or free-run operation of 
the Power Meter. 


8-144. The LI03 bit is processed separately from 
the remaining data bit inputs to the Measurement 
Rate Select Logic. When the Function Generator 
provides a Rate Clock output, this bit is clocked 
into a flip-flop. If the L103 bit is high, the flip-flop 
is clocked to the set state to select delayed meas- 
urements; if the LI03 bit is low, the flip-flop is 
clocked to the reset state to select immediate 
measurements. The output of the flip-flop is then 
continuously applied to the Remote Qualifier 
Multiplexer so that it can be accessed by the 
operating program. This output is then maintained 
until either a new Measurement Rate Programming 
Command or an LPU input is received. When a new 
Measurement Rate Programming Command is 
received, the output of the flip-flop changes to 
reflect the current state of the LI03 data bit. When 
an LPU input is received, the flip-flop is reset along 
with the Hold and Trigger flip-flops and the Power 
Meter is placed in a hold condition. 


8-145. The LI02, HI02, and HI04 data bit inputs 
are processed together to select hold, free run, or 
triggered operation of the Power Meter. When the 
Function Decoder provides a Rate Clock output, 
the HI02 bit is clocked directly into a flip-flop and 
the LI01 and HI04 bits are NANDed together with 
the resultant output clocked into a second flip- 
flop. For purposes of definition, the flip-flop 
which accepts the HI02 bit is called the Hold 
Flip-Flop, and the flip-flop which accepts the gated 
input is called the Trigger Flip-Flop. When the 
HI102 bit is high, the Hold Flip-Flop is clocked to 
the set state to enable free run operation of the 
Power Meter. When the HI02 bit is low, the Hold 
Flip-Flop is clocked to the reset state to enable 
hold or triggered operation of the Power Meter. 
The way this is accomplished is by ORing the 
outputs of the Hold and Trigger Flip-Flops. When 
the Hold Flip-Flop is set, the OR gate is contin- 
uously enabled and provides a low H HOLD output 
to the Remote Multiplexer. When the Hold Flip- 
Flop is reset, the state of the Trigger Flip-Flop 
controls the H HOLD output of the OR gate. 
Operation of the Trigger Flip-Flop for a Hold or 
Triggered Measurement Programming Command is 
described in the following paragraphs. 


a. When both the LIO1 and HI04 data bits 
are high for a Hold Programming Command, the 
Trigger Flip-Flop is reset by the Rate Clock output 
of the Function Decoder. Since the Hold Flip-Flop 
is also reset, the OR gate is disabled and a high H 
HOLD output is provided to the Remote Multi- 
plexer to inhibit the Power Meter from taking 
measurements (see Figure 8-15, Sheets 4 and 14). 


b. When either the LIO1 or HI04 data bit is 
low for a Triggered Measurement Programming 
Command, the Trigger Flip-Flop is set by the Rate 
Clock output of the Function Decoder, then reset 
by the LTC instruction generated at the start of 
the operating program Display and Remote Talk 
Subroutine. While the Flip-Flop is set, the OR gate 
is enabled and provides a low H HOLD output to 
the Remote Multiplexer to initiate a Power Meter 
measurement. After the measurement is completed 
and the flip-flop is reset, the OR gate is disabled by 
the low outputs of the Hold and Trigger Flip- 
Flops. Thus, the gate provides a high H HOLD 
output to inhibit further measurements until a 
Free Run or Triggered Measurement Programming 
Command is received. 


8-146. The output of the Trigger Flip-Flop is also 
gated with the LTLK output of the Talk Register 
to provide a Talk Qualifier (HTLK; 032g) input to 
the Remote Multiplexer. When the Power Meter is 
not addressed to Talk, the LTLK signal is high and a 
low HTLK input is applied to the Remote Multi- 
plexer to inhibit the operating program from initi- 
ating an Output Data Transfer. When the Power 
Meter is addressed to Talk, the LTLK input is low 
and the HTLK output of the gate is controlled by 
the Trigger Flip-Flop as described in the following 
paragraphs. 


a. When the Trigger Flip-Flop is reset by a 
Hold Programming Command, a continuously high 
HTLK qualifier is applied to the Remote Multi- 
plexer to enable the operating program to initiate 
an Output Data Transfer after completing the 
measurement in progress (refer to Figure 8-15, 
Sheet 14). Following the Output Data Transfer, 
the operating program then detects the hold condi- 
tion in the Local/Remote Branch Subroutine (H 
HOLD high) and enters an idle state while awaiting 
a Free-Run or Triggered Measurement Programming 
Command to initiate the next measurement. 


b. When the Trigger Flip-Flop is set by a 
Free-Run or Triggered Measurement Programming 
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Command, a low HTLK qualifier is applied to the 
Remote Multiplexer until the flip-flop is reset by 
the LTC instruction generated at the start of the 
Display and Remote Talk Subroutine. Since this 
instruction is generated before the operating pro- 
gram checks whether Remote Talk is enabled, the 
resulting HTLK qualifier enables the operating 
program to initiate an Output Data Transfer during 
the Display and Remote Talk Subroutine. If the 
Trigger Flip-Flop was set by a Free-Run Program- 
ming Command, the H HOLD qualifier will be low 
and the operating program will continue to take 
measurements and output data after each measure- 
ment until a new Measurement Rate Programming 
Command is received or the Power Meter is 
unaddressed to talk. If the Trigger Flip-Flop was 
set by a Triggered Measurement Programming 
Command, the H HOLD qualifier will be high after 
the LTC instruction and the operating program will 
enter an idle state during the Local/Remote Branch 
Subroutine while awaiting a Free-Run or Triggered 
Measurement Programming Command to initiate 
the next measurement. The reason that an Output 
Data Transfer is synced to the LTC instruction for 
a Triggered Measurement Programming Command 
is to ensure that valid measurement is taken before 
the Power Meter outputs data after being addressed 
to Talk. 


8-147. The remaining input to the Hold and Trig- 
ger Flip-Flops is the LPU output of the Controller 
and the Device Clear Decoder. When this input is 
active, both registers are reset and a high H HOLD 
qualifier is applied to the Remote Multiplexer to 
place the Power Meter in a hold condition. 


8-148. Remote ualifier/Program Interface. 
When remote operation is enabled, each of the 
qualifier inputs to the Remote Qualifier Multi- 
plexer is accessed at some point in the operating 
program cycle. The purpose and function of each 
qualifier is provided in Table 8-2, along with a 
listing of the subroutines in which the qualifier is 
accessed. The manner in which the qualifier is 
accessed by the operating program is covered on 
Service Sheet 3, Block Diagram Description. 


NOTE 


The Remote Qualifier Multiplexer inverts 
the qualifier inputs. Thus, a “‘true”’ quali- 


fier input will be in the opposite state to 
that shown on the Operating Program 
Flow Chart. 


8-149. Talk Cycle. During the Display and Remote 
Talk Subroutine of each program cycle, the opera- 
ting program checks whether the Power Meter is 
addressed to Talk. If the Power Meter is addressed 
to Talk, the LTLK input to the Remote Qualifier 
Multiplexer will be low and an Output Data Trans- 
fer will be enabled as shown on Sheet 14 of Figure 
8-15. Operation of the HP-IB circuits when the 
Power Meter is addressed to talk is described in the 
following paragraphs. 


a. Talk Transfer Control Gates. The Talk 
Transfer Control Gates are enabled by the low 
LTLK and HATN inputs when the Power Meter is 
addressed to Talk and the HP-IB is in the data 
mode. While the gates are enabled, they provide 
high HOE 1 and high HOE 2 outputs to enable the 
Data Valid Status Generator and the Output Gates. 


NOTE 


As shown on Sheet 14 of Figure 8-15, the 
operating program will initiate an Output 
Data Transfer whenever the LTLK quali- 
fier is low. If the HP-IB is not in the data 
mode, however, the Talk Transfer Control 
Gates will be disabled by the high HATN 
input and the resulting low HOE 2 output 
will set the HRFD qualifier output of the 
Data Valid Status Generator low. Simi- 
larly, if there is no listener on the HP-IB, 
the low NRFD input also sets the HRFD 
qualifier low. With this qualifier low, the 
operating program will enter a hold loop 
until the Power Meter is unaddressed to 
Talk. 


b. Data Valid Status Generator. The Data 
Valid Status Generator functions in conjunction 
with the operating program to generate the timing 
signals necessary to complete a Power Meter initia- 
ted data transfer. A timing diagram of Data Valid 
Status Generator operation is provided in Figure 
8-20. As shown in the figure, the JK flip-flop is 
initially reset by the LPU input and cannot change 
state until the Power Meter is addressed to Talk 
and all listeners on the HP-IB indicate that they are 
ready to accept data. When this occurs, both the 
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Data Mode Operation (cont'd) . 
HOE 2 and the NRFD inputs will be high and the 
Data Valid Status Generator will provide a high 
HRFDg qualifier input to the Remote Multiplexer. 
If the HP-IB is connected properly, the HDACq 
qualifier will be low at this time and the operating 
program will generate an LSDAV instruction to set 
the JK flip-flop. 


NOTE 


The HRFDq and the HDACq qualifier 
outputs of the Data Valid Status Genera- 
tor are delayed slightly to allow settling 
time for the HP-IB listeners. 


When the JK flip-flop is set, the combination of 
the high HIDAV and HOE 2 signals cause the 
output gates to set the DAV line low, thereby 
indicating that valid data is available on the HP-IB. 
(Word Counter, ROM, and Output Gate operation 
is described in the following paragraph.) After all 
of the listeners on the HP-IB accept the data, the 
DAC input to the Data Valid Status Generator goes 
high, causing the Status Generator to provide a 
high HDACq qualifier output to the Remote Quali- 
fier Multiplexer. The operating program, in turn, 
detects the change in state of the HDACq qualifier 
and generates a second LSDAV instruction to reset 
the JK flip-flop. The low HIDAV output then 
disables the DAV output of the Output Gates and 
the negative-to-positive transition of the LIDAV 
signal clocks the Word Counter to the next ROM 
address. As shown on Sheet 14 of Figure 8-15 this 
cycle is then repeated until all 14 of the output 
data words are sent over the HP-IB. Note that the 
JK flip-flop is reset after each word is transferred. 
Thus, the JK flip-flop will be reset by the last 
LSDAV instruction of the Output Data Transfer 
and will remain reset until the operating program 
initiates the next Output Data Transfer. 


8-150. Word Counter, ROM, Line Selector, 
Multiplexer Gate, and Output Gate Operation. All 
of these circuits function together to sequentially 
output data words 0 through 13 each time that the 
operating program enables an Output Data Trans- 
fer during the Display and Remote Talk Sub- 
routine. Each word consists of seven data bits 
which are ASCII coded to select a status character 
as indicated in Table 8-10. Coding of data bits 7, 6, 
and 5 is accomplished by buffering the Y6, Y5, 
and Y4 outputs of the ROM. Coding of the 


remaining data bits is controlled by the Y7 output 
of the ROM. When this bit is low, the Line 
Selectors are enabled and they route the status 
inputs selected by the YO through Y3 outputs of 
the ROM to the Output Gates. When the Y7 bit is 
high, the Line Selectors are disabled and the YO 
through Y3 outputs of the ROM are buffered by 
the Multiplexer Gates to select the coding for data 
bits 1 through 4. 


8-151. The output of the ROM, in tum, is selected 
by the address input from the Word Counter. This 
address is set to 0 at the start of each program 
cycle by the HLLD reset input to the Word 
Counter. While the ROM is at address 0, its output 
causes the Line Selectors to route the HOR, HUR, 
and YM8 status inputs to the Output Gates to 
form a Word 0 ASCII character as indicated in 
Table 8-10. 


8-152.When the Power Meter is addressed to Talk, 
the Output Gates are enabled by the high HOE 1 
and HOE 2 inputs and continually route data to 
the HP-IB. The HP-IB does not accept the data, 
however, until the Data Valid Status Generator 
provides a high HIDAV output to set the Data 
Valid (DAV) output true. When this occurs, each 
of the listeners accept the data and set the DAC 
line high to complete the data word transfer. 


8-153. After all of the listeners have accepted the 
data, the Word Counter is clocked to the next 
address on the positive-going edge of the LIDAV 
output of the Data Valid Status Generator. For 
addresses 0 through 13 either the YO or the Y7 
output of the ROM is high, so a low HMDT 
qualifier is applied to the Remote Multiplexer to 
enable each word to be sequentially transferred 
over the HP-IB. After word 18 is transferred, both 
the YO and Y7 outputs of the ROM go low and a 
high HMDT qualifier is applied to the Remote 
Multiplexer to terminate the data transfer cycle. 
The HMDT qualifier is then held high until the 
Word Counter is reset to 0 by the HHLD instruc- 
tion generated at the start of the next program 
cycle. 


8-154. The remaining address input to the ROM is 
the LQT signal. When this input is low, the outputs 
of the Word Counter select ROM addresses 00g 
through 15g; when this input is high, the outputs 
of the Word Counter select ROM addresses 20g 


a STE Es se a 
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Figure 8-20. Data Valid Status Generator Timing 
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Table 8-10. Power Meter Talk HP-IB Output Data Format (1 of 3) 


1. ROM address 
208. 

2. Data output 
selected by 
HOR, HUR, & 
YM3 inputs to 

Line Selectors. 


Status 


Q (Under 

Range,Watts) 
S (Under 
Range, Log) 


T (Auto 
Zeroing, 


Zeroing, Not 
Range 1) 


. ROM address 
01g or 218. 


. Data output 
selected by 
YR1, YR2, & 

YR<3 inputs to 

Line Selectors. 


a 
a 


. ROM address 
022g. 


2. Data output 
selected by 
NM1 and NM2 

inputs to Line 

Selectors 


RaSh 


ie 
H 


aids ORIEN 


. ROM address 
238. 

2. Data output se- 

selected by 

ROM. 


. ROM address 
038. 

Data output se- 
lected by ROM. 


. ROM address 
24g, 
(cont’d) 


He Peep Wa!) Lp) Hil 
a ey Hie Gl) HIE tt te | WL 
ee ee Gil ; 


YK 
Digit 
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Table 8-10. Power Meter Talk HP-IB Output Data Format (2 of 3) 


ROM Output — Data Output — a 


Eee eee 
Pale te [ala [e fh 
fate fe fw fe [a 
pape fe fa fe fo 
Pate [e fa fe fo 
fe [a [a 
ufo fa 


— “0” X 
HEX 
4 
Digit 
| 


H 
H 


ee ae 
5 L L H H H L L H 
YAS 
Digit 
6 L L H H H 
| YD 
Digit 
7 L L H L H 
bya) 
Digit 
8 H H L H L 
Expo- E 
nent 
L jel || as! H 
rah tice | H L H H L H L H H 
L bie EL H 


tt 
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2. Data output se- 


. ROM address 


. Data output se- 


. ROM address 


. Data output se- 


. ROM address 


. Data output se- 


. ROM address 


. Data output se- 
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lected by YK1— 
YK4 inputs to 
Line Selectors. 


1. ROM address 
05g or 25g. 
2. Data output se- 


lected byYH1— 
YH4 inputs to 
Line Selectors. 


0268. 


lected by YD1— 
YD4 inputs to 
Line Selectors. 


07g or 278. 


lected by YUI— 
YU4 inputs to 
Line Selectors 


. ROM address 
10g or 308. 


. Data output se- 


lected by ROM. 


11g or 31g. 


lected by ROM. 


. ROM address 


128. 


. Data output se- 


lected by ROM. 


328. 


lected by ROM. 
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Table 8-10. Power Meter Talk HP-IB Output Data Format (3 of 3) 


ROM Output — Data Output — LDIO 


aiid Presto fe Top Tele fete [aT 


0-9 Her 1. ROM address 
(Ee XX”) 138 or 338 
2. Data output se- 
lected by HEXO- 
HEX3 inputs to 
Line Selectors. 
1. ROM address 
2. Data output se- 
lected by ROM. 


148 or 34g. 
Fd eg Fl 1. ROM address 
(Line Feed) 15g or 35g. 


(Carriage 
Return) 
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Data Mode Operation (cont'd) 

through 35g. For all words except 3 and 10, the 
ROM is programmed redundantly to provide the 
same outputs for either a OX or 2X address input 
(refer to Table 8-10). For Word 3, the ROM 
outputs an ASCII space code when the LQT input 
is set high by a low NSPL input (positive sign) and 
an ASCII minus sign code when the LQT input is 
set low by a high NSPL input (negative sign). For 
Word 10, the ROM provides an ASCII one code 
when the LQT input is set low by a high HEX 4 
input and an ASCII zero code when the LQT input 
is set high by a low HEX 4 input. 


Paragraphs 8-155 through 8-163 were deleted. 
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SERVICE SHEET 1 
BLOCK DIAGRAM CIRCUIT DESCRIPTIONS 


The Block Diagram Circuit Descriptions for Service 
Sheet 1 are covered in paragraphs 8-71 through 
8-74, Troublshooting in paragraphs 8-55 through 
8-62, and Standard Instrument Checkout in Table 
8-3. 
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Model 436A 


Overall Block Diagram 
@ SERVICE SHEET 1 


Service 


SERVICE SHEET 1 
BLOCK DIAGRAM CIRCUIT DESCRIPTIONS 


The Block Diagram Circuit Descriptions for Service 
Sheet 1 are covered in paragraphs 8-71 through 
8-74, Troublshooting in paragraphs 8-55 through 
8-62, and Standard Instrument Checkout in Table 
8-3. 
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Figure 8-21. Overall Block Diagram 
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SERVICE SHEET 2 


BLOCK DIAGRAM CIRCUIT DESCRIPTIONS 


The Block Diagram Circuit Descriptions for Service 
Sheet 2 are covered in paragraphs 8-75 through 
8-86, Troubleshooting in paragraphs 8-55 through 
8-62, and Standard Instrument Checkout in Table 
8-3. 
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Model 436A 


| AC Gain, A-D Converter, and Display Circuits Block Diagram 
| (A1A1, A2, A3) 

| @ SERVICE SHEET 2 
| 


Overall Block Diagram 
@ SERVICE SHEET 1 


Service 


SERVICE SHEET 2 


BLOCK DIAGRAM CIRCUIT DESCRIPTIONS 


The Block Diagram Circuit Descriptions for Service 
Sheet 2 are covered in paragraphs 8-75 through 
8-86, Troubleshooting in paragraphs 8-55 through 
8-62, and Standard Instrument Checkout in Table 
8-3. 
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Figure 8-22. AC Gain, A-D Converter and Display Circuits Block Diagram 
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SERVICE SHEET 3 


BLOCK DIAGRAM CIRCUIT DESCRIPTIONS 


The Block Diagram Circuit Descriptions for Service 
Sheet 3 are covered in paragraphs 8-87 through 
8-113, Troubleshooting in paragraphs 8-55 through 
8-62, and Standard Instrument Checkout in Table 
8-3. 
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Controller and Counters Block Diagram 
(A1A2, A4, A5) 
@ SERVICE SHEET 3 


AC Gain, A-D Converter, and Display Circuits Block Diagram 
(A1A1, A2, A3) 
@ SERVICE SHEET 2 


Service 


SERVICE SHEET 3 


BLOCK DIAGRAM CIRCUIT DESCRIPTIONS 


The Block Diagram Circuit Descriptions for Service 
Sheet 3 are covered in paragraphs 8-87 through 
8-113, Troubleshooting in paragraphs 8-55 through 
8-62, and Standard Instrument Checkout in Table 
8-3. 
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Figure 8-23. Controller and Counters Block Diagram 
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BLOCK DIAGRAM CIRCUIT DESCRIPTIONS 


The Block Diagram Circuit Descriptions for Service 
Sheet 4 are covered in paragraphs 8-115 through 
8-154, HP-IB Instrument Checkout in paragraphs 
8-63 through 8-66, HP-IB Verification Programs in 
Figures 8-16 and 8-17, and Troubleshooting in 
Table 8-4. 
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HP-IB (Option 022) Circuit Block Diagram 
(AG, A7) 
a SERVICE SHEET 4 
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BLOCK DIAGRAM CIRCUIT DESCRIPTIONS 


The Block Diagram Circuit Descriptions for Service 
Sheet 4 are covered in paragraphs 8-115 through 
8-154, HP-IB Instrument Checkout in paragraphs 
8-63 through 8-66, HP-IB Verification Programs in 
Figures 8-16 and 8-17, and Troubleshooting in 
Table 8-4. 
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Figure 8-24. HP-IB (Option 022) Circuit Block Diagram 
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CIRCUIT DESCRIPTIONS 


The circuits described in Service Sheet 6 are 
covered on Service Sheets 1 and 2 and Trouble- 
shooting in paragraphs 8-55 through 8-62. 
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on non-inverting inputs to U4A, B, C, and D is determined by the 
voltage divider composed of A2R13 and the Sensor Resistor (see 
tables below). When the Sensor Resistor is 0 ohms (GND), the 
outputs of U4 are approximately 0 volts. 


For a 10W maximum input to the Power Sensor, the Sensor 
Resistor is approximately 3.46k ohms and the voltage level at the 
non-inverting inputs of U4 is approximately +2.8 volts. The 
output of U4C changes to approximately +15 volts. This change 
was caused by the non-inverting input going more positive than 
the inverting input level which is approximately +2 volts. The 
inverting input level is determined by the voltage divider 
composed of A2R29, R380, and R31. A2R29 is in parallel with 
R81 to ground. When the output of U4C changes to +15 volts, the 
inverting input to U4D changes to approximately +4 volts because 
now R86 and R40 are in parallel with the +15 volts applied and 
R32 and R41 are in parallel to ground, thus forming a series 
parallel network between ground and +15 volts. The table below 
gives the complete list of U4 inputs and outputs for each Sensor 
Resistor and the logic input codes to U7. 
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The circuits described in Service Sheet 6 are 
covered on Service Sheets 1 and 2 and Trouble- 
shooting in paragraphs 8-55 through 8-62. 
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All voltages shown are + 0.1 Vdc 


8481H/8482H 
8481B/ 8482B 


10 xW (—20 dBm) 
100 zW (—10 dBm) 
1 mW (0 dBm) 


10 mW (+10 dBm) 
100 mW (+20 dBm) 
1 W (+30 dBm) 
10 W (+40 dBm) 

100 W (+50 dBm) 


Power Sensor Maximum and Minimum F. S. Ranges and Resistor Values 


1 nW (—60 dBm) 
10 nW (—50 dBm) 
100 nW (—40 dBm) 
1 pW (—30 dBm) 
10 uW (—20 dBm) 
100 uW (—10 dBm) 
1 mW (0 dBm) 
10 mW (+10 dBm) 


Input and Output Code for A2U6 ROM 


1 = 5V;0 S0.3V 


Ooo) Oe Oar 


Model 436A 


qooqcoj.- f+ — — 


10.0kQ 
14.7kQ 
21.5kQ 
34.8kQ 
0Q (Gnd) 
1.62kQ2 
3.46kQ 
6.19kQ2 


Output Pin No. 


0 
0 
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1 
0 
0 
1 
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YPLS (A3TP3) output of A38U2 at approximately +2.0 Vdc. This 
value is valid for only Auto-Zero operations. Loss of the LAZO 
signal opens the feedback path and releases the low on pin 2 of 
A38U1. 


The DC Input Enable (LRIN) causes FET A3Q13 to conduct, 
applying the dc input voltage from the DC Amplifier to the 
inverting input of A8U1 pin 2. Transistor A3Q17 and zener diode 
A3VR2 produce a negative voltage reference source, —VR. 
A3U5B, A3R40, and A3R43 form an inverting amplifier witha 
gain of —1. Thus, producing the positive voltage reference source 
at the output of ASU5B pin 7 (+VR). The Enable Positive Ramp 
(LRP) causes FET A3Q16 (+RAMP) to conduct and apply a 
negative input to A3U1 from the —VR source. A3R37 LIN 
(Linearity) control is adjusted for a specific digital readout (see 
Section V, Adjustments). Capacitor A3C12 is charged up to 
approximately —7 times the dc input voltage when the DC Input 
Enable is terminated. A3C12 discharges at a rate of approximatley 
3.5 mV/clock pulse. The output level at pin 6 of A3U1 should 
reduce to approximately 0 Vdc. The output of A3U1 is applied to 
the inverting input of A3U2 producing a high output if the 
threshold was below the dc input level, or a low if it was above the 
input level. 


The Enable Negative Ramp (LRM) causes FET A3Q15 (~RAMP) 
to conduct, applying a positive input to A3U1 from the +VR 
source. The Enable Log Ramp (LRL) and the Log Enable 
Reference (LLGR) cause FET’s A3Q18 and A3Q19 to conduct. 
A38Q19 completes a path to apply a negative threshold voltage to 
pin 3 of A3U2. This is the Log Reference voltage. As the output 
of A3U1 discharges to the threshold level, the output of the 
Comparator remains constant. When the voltage at pin 2 of A8U2 
reaches the threshold level, the output of the Comparator switches 
to the opposite polarity. 


AC Gain Assembly (A2) 
@ SERVICE SHEET 7 


SERVICE SHEET 7 
CIRCUIT DESCRIPTIONS 


General 


The RF input power applied to the Power Sensor is dissipated by 
the load impedance of the power sensing device. The de output of 
the power sensing device is converted to a 220 Hz ac signal by a 
sampling gate (chopper) circuit. The ac signal, which is 
proportional to the RF input, is amplified by tuned ac amplifier 
stages in the Power Sensor and Power Meter. The Phase Detector 
converts the amplified 220 Hz ac signal back to a dc level which is 
proportional to the RF input power level. 


The Attenuator reduces the ac signal for high power inputs. This 
allows equal measurement resolution for high and low power 
levels. The Phase Detector and a sampling gate circuit (in the 
Power Sensor) are driven in phase by the 220 Hz Multivibrator’s 
outputs. 


A2U5B is connected as a voltage follower between the Mount 
Return line and Analog Ground. This circuit ensures that a 
minimum voltage difference exists between the grounds thereby 
eliminating the possibility of unreliable readings. High current 
flow, through the ground return of cables which are greater than 
1.52 meters (5 feet) long, causes the voltage difference. 


First Amplifier 

The First Amplifier of the Power Meter and the Power Sensor’s 
output amplifier stage form a low-noise high-gain hybrid 
operational amplifier (refer to the figure below). The ac gain is 
approximately 600; de bias is set by A2R1, R2, R5, R6, and R7. 


lo POWER SENSOR REE POWER METER nn 


SAMPLED AC 
INPUT 220 Hz 


OUTPUT 


SHAPING 


NETWORK CAS 


POWER SENSOR CABLE 


Hybrid Operational Amplifier 
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Diodes A2CR1, CR2, VR1, and VR2 and their associated 
components are part of a shaping network which compensates for 
the non-linear output of the Power Sensor’s sensing device. At RF 
inputs near the maximum power input (100 mW for Model 
8481A) the power sensing device is slightly more efficient and the 
hybrid amplifier’s gain is reduced slightly to provide a linear 
overall response. 


The combination of A2C5, R10, and R11 is one of three RC 
networks in the ac amplifiers which determine the high frequency 
cutoff (240 Hz) of the 220 + 20 Hz bandpass. A2C3, C4, and C6 
are line noise filters. 


Attenuator and Second Amplifier Assemblies 


The Attenuator Networks and associated components on the A2 
assembly form two separate attenuators and a variable low pass 
filter. 


With high power RF inputs, relatively high voltages are coupled to 
the attenuator inputs. The higher the voltage the more it is 
attenuated, thus allowing for greater sensitivity needed for low 
power measurements while providing the needed resolution for 
each range. The various levels of attenuation permit five usable 
ranges whose values are determined by the Power Sensor being 
used. The following table shows the individual and combined 
effects of the attenuators on the ac signal. The attenuation 
resistors, therefore the value of attenuation, is selected by the 
outputs from the ROM A2U6 applied to the transistors A2Q21 
through A2Q25. 


Attenuation 


Network #2 
(A2R37, R38, 
and R39) 


Network #1 
(A2R24 & R25) 


Saal 
+1 
om! 
> 100 
= 100 


The bandpass of the ac amplifiers in the Power Meter is 
approximately 220 + 20 Hz. The lower cutoff frequency (200 Hz) 
is fixed by the combination of A2C8 with A2R24 and R25; also 
A2C11 with A2R37, R38, and R39. 


Second Amplifier 


A2U1 and its associated components form an operational 
amplifier stage with variable voltage gain from 5 to 18. The 
front panel CAL ADJ gain control is set to compensate for 
differences in sensitivity of individual Power Sensors. The gain is 
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determined by A2R28, R33, and the CAL ADJ control R16. 


Third Amplifier 


A2U2A and B and associated components are operational 
amplifiers with voltage gains of about 20 each. Gain for A2 U2A is 
determined by A2R52 and R53; for A2U2B by A2R48 and R49. 
Bias current is provided for A2U2A by A2R50. 


The tuned amplifiers upper bandpass limit (240 Hz) is set by the 
parallel RC network of A2C12 and R48; A2C14 and R52; also in 
conjunction with a parallel RC network in the First Amplifier. 


Phase Detector 


The Phase Detector, like the sampling gate circuit in the Power 
Sensor, is driven by the 220 Hz Multivibrator drive signal. The 
220 Hz switching signal (0 to —10 Vdc) is applied through the 
voltage divider A2R61 and R67 to the base of A2Q14 at a level of 
0 to —0.6 Vdc. This signal turns Q14 on and off and causes the 
collector voltage to vary from 0 to —15 Vdc. The collector voltage 
from Q14 is applied to the base of A2Q13 through the voltage 
divider A2R60 and R62. This signal turns Q13 off and on causing 
the collector voltage to vary from 0 to —15 Vdc at a 220 Hz rate. 
The collector voltage from Q13 is applied to the gate of the 
n-channel FET Q12. This gate drive causes Q12 to turn on and off. 
When Q12 turns off, U8 operates as an amplifier with a gain of 1. 
When Q12 turns on, the non-inverting input to U8 is grounded, 
causing U8 to operate as an inverting amplifier with a gain of —1. 
Any phase difference between the 220 Hz input signal to U8 and 
the 220 Hz switching signal from Q12 will cause the output of U8 
pin 6 to be offset from the zero dc baseline. The output of the 
Phase Detector is applied to the A3 A-D Converter Assembly. 


Sensor Sensitivity Detector and True Range Decoder 


The Sensor Sensitivity Detector circuit consists of U4A, B, C, D 
and associated components. The True Range Decoder consists of 
U7 and U3. 


The Sensor Sensitivity Detector, U4A, B, C, and D, provides 
inputs to the True Range Decoder, U7 along with the Range 
Counter (YR1, YR2, and YR38) in Local Mode, the programmed 
range inputs (YRR1, YRR2, and YRR3) when in Remote Mode, 
and YRLR input to give the correct range indication and decimal 
point location for the RF input power level being measured by the 
Power Sensor. 


The Sensor Sensitivity Detector provides one input code to the 
True Range Decoder determined by the Power Sensor being used. 
When the non-inverting inputs to U4A, B, C, and D are the less 
positive inputs, the outputs are at approximately 0 volts (ground). 
When the non-inverting inputs are the more positive inputs, the 
outputs are approximately +15 volts (see tables below). The level 
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on non-inverting inputs to U4A, B, C, and D is determined by the 
voltage divider composed of A2R13 and the Sensor Resistor (see 
tables below). When the Sensor Resistor is 0 ohms (GND), the 
outputs of U4 are approximately 0 volts. 


For a 10W maximum input to the Power Sensor, the Sensor 
Resistor is approximately 3.46k ohms and the voltage level at the 
non-inverting inputs of U4 is approximately +2.8 volts. The 
output of U4C changes to approximately +15 volts. This change 
was caused by the non-inverting input going more positive than 
the inverting input level which is approximately +2 volts. The 
inverting input level is determined by the voltage divider 
composed of A2R29, R30, and R31. A2R29 is in parallel with 
R31 to ground. When the output of U4C changes to +15 volts, the 
inverting input to U4D changes to approximately +4 volts because 
now R386 and R40 are in parallel with the +15 volts applied and 
R382 and R41 are in parallel to ground, thus forming a series 
parallel network between ground and +15 volts. The table below 
gives the complete list of U4 inputs and outputs for each Sensor 
Resistor and the logic input codes to U7. 
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All voltages shown are + 0.1 Vdc. 


Power Sensor Maximum and Minimum F. S. Ranges and Resistor Values 


Power Sensor Maximum Power Range F.S.| Minimum Power Range F.S. 


Power Sensor 
Resistor Value 


8484A 10 pW (—20 dBm) 
100 uW (—10 dBm) 
1 mW (0 dBm) 
10 mW (+10 dBm) 
100 mW (+20 dBm) 
1 W (+30 dBm) 
10 W (+40 dBm) 
100 W (+50 dBm) 


1 nW (—60 dBm) 
10 nW (—50 dBm) 
100 nW (—40 dBm) 
1 uW (—30 dBm) 
10 uW (—20 dBm) 
100 uW (—10 dBm) 
1 mW (0 dBm) 
10 mW (+10 dBm) 


8481A/8482A/8483A 


8481H/8482H 
8481B/ 84828 


Input and Output Code for A2U6 ROM 
Input & Pin No. 


1=5V;0<0.3V 


10.0kQ2 
14.7kQ @ 
21.5k22 
34.8k2 
022 (Gnd) 
1.62kQ 
3.46kQ 
6.19kQ 


Output Pin No. 


1=0.6V;0=0.1V 
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Figure 8-30. AC Gain Assembly Schematic Diagram 
Figure 8-29. A2 AC Gain Assembly Component, Test Point, and Adjustment Locations 
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TROUBLESHOOTING 


General 


Before attempting to troubleshoot these circuits, 
verify that the power supply is operating properly. 
The voltages should be +5 Vdc, +15 Vdc, and —15 
Vdc. 


If the de offset controls A3R2, A38R47, or A8R65 
are incorrectly adjusted, the Auto-Zero circuits 
may not respond properly. Refer to the adjustment 
procedures in Section V. 


Noise problems may be due to defective compo- 
nents in the Variable Low Pass Filter (especially in 
the two most sensitive ranges) or the Lead/Lag 
Amplifier which is an active low pass filter. A noise 
problem in the Lead/Lag Amplifier will be evident 
only during the zeroing sequence. 


DC Amplifier, Lead/Lag Amplifier, and Servo 
Amplifier 

Measure the dc input and output voltages. Verify 
that the amplifier outputs respond properly to the 
inputs. For troubleshooting operational amplifiers 
refer to Linear Integrated Circuits in Section VIII. 
A Servo Amplifier problem will be evident only 
during the Sensor-Zero sequence. 


Auto Zero Assembly 


The normal value range of the offset error voltage 
at A38Al1, pin 5 is about —14 to +14 mVdc. The 
power sensing device normally exhibits a slight 


positive output due to ambient temperature, there- - 


fore the normal correction voltage is slightly nega- 
tive, hence —4 mVdc. 


The voltage measured at A3TP6 will provide an 
indication of how long the charge is retained on 
A38A1Cq. The voltage should remain virtually 
unchanged (+1 mVdc) for 24 hours. 


If any component in the A3A1 assembly is found 


to be defective, the entire assembly must be 
replaced. 
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A-D Converter Circuit 


Set Power Meter to Watt Mode and apply a 1.0 mW 
input signal to Power Sensor. Check that Power 
Meter is on range 3 and A8TP4 (DC) should be 
approximately +1.0 Vdc. Check A38TP2 (RMP) for 
a 0 to —7.0 volt ramp with a time of approxi- 
mately 33.3 ms. If ramp does not reach —7.0 volts 
with 1.0 Vdc at A3TP4 (DC), check that LRIN 
instruction on XA8 pin 24 is pulsed low for 33.3 
ms to turn transistors A8Q11 and A8Q12 off and 
FET A8Q138 on. Check that ramp at A3TP2 de- 
creases from —7 volts to O volts at a linear rate. 
Check —VR at collector of A8Q17, approximately 
—6.2 Vde and +VR at A3U5B pin 7, approximately 
+6.2 Vdc. The LRP instruction on XA8 pin 25 is 
pulsed low in the Watt Mode to turn transistors 
A8Q1 and A3Q6 off and FET A3Q16 on causing a 
positive linear ramp to be generated. The LRM 
instruction on XA3 pin 26 is pulsed low in the Watt 
Mode to turn transistors A8Q2 and A3Q7 off and 
FET A38Q15 on causing a negative linear ramp to be 
generated. LRM and LRP instructions remain high 
when dBm, dB [REF], or dB (REL) Modes are 
selected. 


Set Power Meter to dBm Mode and apply a 1.0 mW 
input signal to Power Sensor. Check that ramp at 
A8TP3 decreases from —7.0 volts to threshold (ref- 
erence) level at a log rate. Check that LLGR and 
LRL instructions on XA38 pins 3 and 4 respectively 
are pulsed low in dBm ,dB [REF], and dB (REL) 
Modes. The LRL instruction turns transistors A8Q4 
and A8Q9 off and FET A8Q19 on applying the 
LOG REF (Threshold) signal to A38U2 pin 38. The 
output of A38U1 pin 6 must discharge past this 
level before the voltage at A3TP3 (YPLS) can 
switch to 0 volts. LLGR and LRL instructions 
remain high in the Watt Mode. 


Check that the LAZO instruction at XA8 pin 2 is 
pulsed low. This turns transistors A3Q5 and A8Q10 
off and turns FETs A3Q14 and A3Q20 on causing 
A38TP3 (YPLS) to be +2.0 volts de during the A-D 
Converter’s Auto-Zero cycle. 


A3TP3 (YPLS) is at +5 volts while the ramps are 
discharging, at 0 Vdc when the Comparator, A3U2, 
switches from high to low, and at +2 Vdc during 
the A-D Auto-Zero cycle. 


The time that each instruction remains low is de- 
termined by the program. 
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LIN LFS 


Figure 8- A-D Converter Assembly (A1A3, A3) 
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SERVICE SHEET 8 


CIRCUIT DESCRIPTIONS 


General 


The Phase Detector’s output signal is applied to the Meter 
Amplifier and Limiter circuits. The input signal passes through the 
Limiter and Variable Low-Frequency Filter circuits before being 
amplified by the DC Amplifier. The gain of the DC Amplifier is 
controlled by the setting of the CAL FACTOR % switch, A1S2. 
The output of the DC Amplifier is applied to the Cal Factor Select 
circuit, Lead/Lag Amplifier, RECORDER OUTPUT connector, 
and the A-D Converter. The Meter Amplifier provides the 
necessary drive for the front panel meter (M1). It also provides an 
unfiltered signal for the rear panel RECORDER OUTPUT 
connector if the standard connection of A3R69 is not desired. The 
Lead/Lag Amplifier maintains the phase-gain response of the 
feedback loop in a stable mode. The Servo Amplifier has an 
integrator in its feedback loop (C16 and R54) which also shapes 
the overall phase-gain response of the Auto-Zero feedback path. 
The Servo Amplifier generates an error voltage if the DC 
Amplifier’s output is not near zero volts. Without an RF input 
applied to the Power Sensor, the DC Amplifier’s output is very 
close to 0 Vdc. When the SENSOR ZERO switch is depressed, or 
the Sensor-Zero Remote command is enabled (NAZR), causing 
the ZERO lamp to light, the relay in A3A1 to close its contacts, 
and the Servo Amplifier’s output to produce an error offset 
voltage. This error voltage is applied to the Auto-Zero Assembly 
(A8A1) from where it is processed and summed with the output 
from the Power Sensor’s sensing element. This composite voltage 
provides a correction signal of equal dc level but opposite polarity 
to the output of the sensing element with no RF input signal 
applied. With the corrected input voltage, the DC Amplifier’s 
output is exactly 0 Vdc. When the SENSOR ZERO switch is 
released, or the NAZR signal is disabled, the Servo Amplifier’s 
output voltage level is stored within the Auto-Zero Assembly and 
the correction voltage remains coupled across the sensing element 
until another Auto-Zero correction is needed. 


The Transistor Drivers provide buffering and signal level 
conversion for the A-D Converter’s control signals. The A-D 
Converter provides either a negative or positive linear or 
exponential ramp to the Comparator. The Comparator’s output 
(YPLS) at A3TP3 is either high or low, if the A-D Converter’s 
threshold is above or below the dc input signal level and is midway 
between high and low during the A-D Converter’s Auto-Zero 
cycle. 


Limiter and Variable Low-Pass Filter Circuits 


The Limiter circuit clips over-range outputs from the Phase 
Detector to reduce the time for the Variable Low-Pass Filter to 
recover from a greater than full-scale change in the input signal 
level. The response time of the Filter varies with the bandpass 
selected by the ROM’s outputs (D1, F1, and F2). For ranges 5, 4, 
and 3, the bandpass is 17 Hz. For ranges 2 and 1, the bandpass is 
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Auto-Zero Feedback Path 


reduced by factors of 10 to 1.7 and 0.17 Hz, respectively. The 
bandpass values represent the optimum tradeoff between filter 
response time and signal-to-noise ratio. On the higher ranges 
(3, 4, and 5), the gain of the Power Meter is relatively low and the 
17 Hz bandpass enables the Filter to respond to a full-scale change 
in input level in 0.1 second (see Figure 3-7). On the lower ranges 
(1 and 2), the gain of the Power Meter increases and a higher noise 
level is present at the output of the Phase Detector. Thus, a 
narrower bandpass is required to maintain the desired 
signal-to-noise ratio at the input of the A-D Converter. The time 
required for the Filter to respond to a full-scale change in input 
level is one second on range 2 and ten seconds on range 1. 
Resistors A3R16, R22, R26, and R30 modify the Power Meter’s 
Sensor-Zero feedback loop phase-gain response to maintain 
stability in the loop. 


DC Amplifier 

The output from the Variable Low-Pass Filter is applied to the 
input of the DC Amplifier. The DC OFF (DC Offset) control 
is adjusted to eliminate any de offset voltage introduced by the 
DC Amplifier. The gain of the DC Amplifier is one when the 
CAL FACTOR % switch is set to the 100 position. The gain in- 
creases by approximately 1% for each lower-numbered switch 
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position. The output of the DC Amplifier is applied to the A-D 
Converter, the RECORDER OUTPUT connector, and the Lead/ 
Lag Amplifier circuits. 


Lead/Lag Amplifier and Servo Amplifiers 


The output signal from the DC Amplifier is applied to the 
non-inverting input of U4A. The Lead/Lag Amplifier and Servo 
Amplifier are connected in series in the Sensor-Zero feedback loop 
and function only when the SENSOR ZERO switch is depressed 
or the Remote Interface produces a Sensor Zero command. R46 
and C11 form a high frequency roll-off filter at the input to U4A. 
Capacitors C14 and C15 form a 0.5 uF non-polarized capacitor for 
the feedback across U4A. The combination of C13, C14, C15, 
R52, R53, and R55 reduce the high frequency response of U4A, 
while increasing the low frequency response of U4A. The output 
from U4A is applied to the non-inverting input of U4B, Servo 
Amplifier. VR4 and VR5 act to prevent the output of U4B from 
going more than + 8.25V. The output from U4B is applied to the 
input of the Auto-Zero Assembly (A3A1). The source signal from 
the FET, A3A1 Qa, is fed back to the inverting input of U4B 
through C16 and R54. The feedback path of U4B is an integrator 
that causes the high frequencies to be reduced. The output from 
the Auto-Zero Assembly is applied to the Power Sensor to develop 
a correction voltage that is input back to the DC Amplifier. This 
correction voltage is stored in capacitor A3A1C,y. When the 
SENSOR ZERO switch is released, this voltage holds the 
correction voltage constant at the Power Sensor. The special 
construction of the A3A1 assembly and the high gate impedance 
of A8A1Q,q reduces the leakage from A8A1C,q and therefore 
increases the storage time of the correction voltage. A3R65 BAL 
(Balance) control is provided to center the Auto-Zero circuit’s 
output voltage range. (See Section V, Spike Balance Adjustment). 


Transistor Drivers 


The Transistor Driver circuits consist of transistors A3Q1 through 
A3Q12 and associated components. The Transistor Drivers provide 
buffering and signal level conversion for the control signals being 
applied to the A-D Converter from the Controller Assembly A5. 


Transistors A3Q1 through A3Q12 are connected to provide a level 
transformation from TTL logic levels of 0 and +5 volts to 0 and 
—15 volts required to turn on and off the FET switches in the A-D 
Converter. 


A-D (Analog-To-Digital) Converter 


The A-D Converter Auto-Zero Enable (LAZO) signal causes FET’s 
A8Q14 and A3Q20 to conduct. A3Q14’s conduction holds the 
inverting input of A3U1 pin 2 low. A3Q20’s conduction closes a 
feedback path from the output of the comparator (A3U2) through 
A3R66, A3R58, A3Q20, and A3R50 to the non-inverting input of 
A38U1 pin 3. This path allows A3C9 to charge up and hold the 
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YPLS (A3TP3) output of A3U2 at approximately +2.0 Vdc. This 
value is valid for only Auto-Zero operations. Loss of the LAZO 
signal opens the feedback path and releases the low on pin 2 of 
A3U1. 


The DC Input Enable (LRIN) causes FET A3Q13 to conduct, 
applying the dc input voltage from the DC Amplifier to the 
inverting input of A3U1 pin 2. Transistor A8Q17 and zener diode 
A3VR2 produce a negative voltage reference source, —VR. 
A38U5B, A3R40, and A3R43 form an inverting amplifier witha 
gain of —1. Thus, producing the positive voltage reference source 
at the output of A3U5B pin 7 (+VR). The Enable Positive Ramp 
(LRP) causes FET A3Q16 (+RAMP) to conduct and apply a 
negative input to A3U1 from the —VR source. A3R37 LIN 
(Linearity) control is adjusted for a specific digital readout (see 
Section V, Adjustments). Capacitor A3C12 is charged up to 
approximately —7 times the dc input voltage when the DC Input 
Enable is terminated. A8C12 discharges at a rate of approximatley 
3.5 mV/clock pulse. The output level at pin 6 of A3U1 should 
reduce to approximately 0 Vdc. The output of A3U1 is applied to 
the inverting input of A3U2 producing a high output if the 
threshold was below the dc input level, or a low if it was above the 
input level. 


The Enable Negative Ramp (LRM) causes FET A3Q15 (—RAMP) 
to conduct, applying a positive input to A3U1 from the +VR 
source. The Enable Log Ramp (LRL) and the Log Enable 
Reference (LLGR) cause FET’s A8Q18 and A38Q19 to conduct. 
A38Q19 completes a path to apply a negative threshold voltage to 
pin 3 of A3U2. This is the Log Reference voltage. As the output 
of A3U1 discharges to the threshold level, the output of the 
Comparator remains constant. When the voltage at pin 2 of A3U2 
reaches the threshold level, the output of the Comparator switches 
to the opposite polarity. 


AC Gain Assembly (A2) 
@ SERVICE SHEET 7 


Service 
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TROUBLESHOOTING 


General 
Before attempting to troubleshoot these circuits, 


verify that the power supply is operating properly. 


The voltages should be +5 Vdc, +15 Vdc, and —15 
Vde. 


If the de offset controls A3R2, A3R47, or A3R65 
are incorrectly adjusted, the Auto-Zero circuits 
may not respond properly. Refer to the adjustment 
procedures in Section V. 


Noise problems may be due to defective compo- 
nents in the Variable Low Pass Filter (especially in 
the two most sensitive ranges) or the Lead/Lag 
Amplifier which is an active low pass filter. A noise 
problem in the Lead/Lag Amplifier will be evident 
only during the zeroing sequence. 


DC Amplifier, Lead/Lag Amplifier, and Servo 
Amplifier 

Measure the dc input and output voltages. Verify 
that the amplifier outputs respond properly to the 
inputs. For troubleshooting operational amplifiers 
refer to Linear Integrated Circuits in Section VIII. 
A Servo Amplifier problem will be evident only 
during the Sensor-Zero sequence. 


Auto Zero Assembly 


The normal value range of the offset error voltage 
at A3Al1, pin5 is about —14 to +14 mVdc. The 
power sensing device normally exhibits a slight 
positive output due to ambient temperature, there- 
fore the normal correction voltage is slightly nega- 
tive, hence —4 mVdc. 


The voltage measured at A3TP6 will provide an 
indication of how long the charge is retained on 
A8A1Cq. The voltage should remain virtually 
unchanged (+1 mVdc) for 24 hours. 


If any component in the A3A1 assembly is found 


to be defective, the entire assembly must be 
replaced. 
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A-D Converter Circuit 


Set Power Meter to Watt Mode and apply a 1.0 mW 
input signal to Power Sensor. Check that Power 
Meter is on range 3 and A3TP4 (DC) should be 
approximately +1.0 Vdc. Check A3TP2 (RMP) for 
a 0 to —7.0 volt ramp with a time of approxi- 
mately 33.3 ms. If ramp does not reach —7.0 volts 
with 1.0 Vde at A3TP4 (DC), check that LRIN 
instruction on XA3 pin 24 is pulsed low for 33.3 
ms to turn transistors A3Q11 and A3Q12 off and 
FET A3Q13 on. Check that ramp at A3TP2 de- 
creases from —7 volts to 0 volts at a linear rate. 
Check —VR at collector of A3Q17, approximately 
—6.2 Vde and +VR at A3U5B pin 7, approximately 
+6.2 Vde. The LRP instruction on XA3 pin 25 is 
pulsed low in the Watt Mode to turn transistors 
A3Q1 and A3Q6 off and FET A3Q16 on causing a 
positive linear ramp to be generated. The LRM 
instruction on XA3 pin 26 is pulsed low in the Watt 
Mode to turn transistors A3Q2 and A3Q7 off and 
FET A3Q15 on causing a negative linear ramp to be 
generated. LRM and LRP instructions remain high 
when dBm, dB [REF], or dB (REL) Modes are 
selected. 


Set Power Meter to dBm Mode and apply a 1.0 mW 
input signal to Power Sensor. Check that ramp at 
A38TP3 decreases from —7.0 volts to threshold (ref- 
erence) level at a log rate. Check that LLGR and 
LRL instructions on XA3 pins 3 and 4 respectively 
are pulsed low in dBm ,dB [REF], and dB (REL) 
Modes. The LRL instruction turns transistors A3Q4 
and A3Q9 off and FET A3Q19 on applying the 
LOG REF (Threshold) signal to A3U2 pin 3. The 
output of A3U1 pin 6 must discharge past this 
level before the voltage at A3TP3 (YPLS) can 
switch to 0 volts. LLGR and LRL instructions 
remain high in the Watt Mode. 


Check that the LAZO instruction at XA3 pin 2 is 
pulsed low. This turns transistors A3Q5 and A3Q10 
off and turns FETs A3Q14 and A3Q20 on causing 
A3TP3 (YPLS) to be +2.0 volts de during the A-D 
Converter’s Auto-Zero cycle. 


A8TP3 (YPLS) is at +5 volts while the ramps are 
discharging, at 0 Vde when the Comparator, A3U2, 
switches from high to low, and at +2 Vdc during 
the A-D Auto-Zero cycle. 


The time that each instruction remains low is de- 
termined by the program. 
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Figure 8-33. A-D Converter Assembly Schematic Diagram 
8-173 


Figure 8-32. A3 A-D Converter Assembly Components, Test Point, and Adjustment Locations 
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CIRCUIT DESCRIPTIONS 


The circuits described in Service Sheet 9 are 
covered on Service Sheets 1 and 3 and Trouble- 
shooting in paragraphs 8-55 through 8-62. 
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Figut Counter Relative Assembly (A4) 
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A-D Converter Assembly (A1A3, A3) 
@ SERVICE SHEET 8 


Service 


SERVICE SHEET 9 


CIRCUIT DESCRIPTIONS 


The circuits described in Service Sheet 9 are 
covered on Service Sheets 1 and 3 and Trouble- 
shooting in paragraphs 8-55 through 8-62. 


8-174 


Model 436A 


Model 436A 


Service 


P/O A10 Mother Board Ad Counter Relative Assembly (00436-60003) (NoTE2) a PIOAIO NOTES 
Assembly (00436-60009) a a oe a ~ cae are Pa wal has mee ra] 1. Unless otherwise indicated 
leche a ARITHMETIC UN P/O JI Pl wa Resistance in ohms 
12 1 5 : of Capacitances in picofarads. 
a 13 pas 1k 0 r © ' 2. W4 (omitted on Options 22, 24) 
\ xa ! pa MAIN COUNTER mmm, s << 9 o-—-Q yu2 \ ' W11 (with Options 22, 24), 
i} TIVE 1 1 3. For voltages and waveforms shown, 
| ure TOG K 2 = Je Ss en pa GEGISTER Ny yp ARP COUNTER “\ ——— the vu i controls are set as follows 
1 H H ' RANGE 1 mW 
! +5 VF a a an 2 << ee 1 P/O CAL FACTOR % 100% 
H H 
i Ik Connect POWER SENSOR 
c connect to 
: i 4 _» POWER REF OUTPUT 
\ n 
\ VW =] REFERENCE DESIGNATIONS 
! 1 2 16 v. ! a 
I 1 Cor FF Oc FIN AS ASSY | AIDASSY 
PICITADE, | [Dc FF(2) +] 15 Dp FF (2) —_-> 
A4 ASSEM GROUND 2B GND } oc Fre FF(4) sale] 0 -—" Dy FFU) 1-10 XA4 
1 | NO PREFI 
BLY i BFF ; a 
r TP1-3 al 
{ - va ; u1—21 | warwit 
i +5 VF . YI 
! 1 l 5 
' | 13 = ale 4 TRANSISTOR AND INTEGRATED 
H L4| in= 7 ZERO CIRCUIT PART NUMBERS 
0 By 7 oetecTOR REFERENCE | pany NuMBER 
Ho ¥ Roun 1 DESIGNATIONS 
1 3 
U19A = | 
alba na eee eS | fe. | ieee 
\ O¢ FF (2) U5—12 1820-1277 
\ | fac Far = 10 1 ui3 1820-1202 | 
} oe - qe U14, 18, 19 1820-1197 | 
1 Oo FFI) + Doo FF Ia - u198 6 me 1820-0077 
i 7 ae | eae 
H ' es je COUNT | a CLOCK GENERATION 021 1820.1199 
. ; vse 10 QD» +5 VE CONTROL ; 
‘ LoGic ia INTEGRATED CIRCUIT VOLTAGE 
U13.. U14 U15 U16 ! : aah ' AND GROUND CONNECTIONS 
: ‘ : \ \ t 13 i ; REFERENCE 
: 3 = \ ; i - = ‘ DESIGNATIONS | PIN NUMBER 
a Iss ; u7 1 
G2 } LCLR r< 15 1 ' ui-4 | +5VF-5 
cz 10@< 5 38 >-GD floc 10 | Wn 
: les oer A ee | ¥ 
vase 7 QQ ee 138 t us-12,15 | +5VF-16 
i | -8 
pate ee 70 2 | | 
C — yi \ u13, 14,16, | +5VF-14 
18-21 W- 
' | 
t ui7 +5 VF 5 
H 


< 


37 +B eZock 10 


60 kHz 


4 


HPLS2 
Croce 10 
60 kHz 


F See backdating information in section VI. 


240 KHz REFERENCE 
¢ OSCILLATOR \ 


RE 
T zison 


RUB 
a 3 


NSPL 7 
VW 
, 12s 


—— «OG tsto 
Oe Se ae C ee Ce nos 9 
A - : — 4 +43 YSPL 10 ' 
(ae eee | |e A4, Ald 


Counter Relative Circuits 436A: 2330A 


41 


: 


= 
5 
9 


~ 
——_—_ 
=z 
=s 
K 


Reference designations within outline (— ———) assem- | 
blies are abbreviated. Full desgination includes Assembly 
Number; e.g., Rl of Assembly Al is A1R1. Designations of 
other components are complete as shown, 


! LcoR 
t 

LREL 
10 

YLOG 

LCNT 
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Figure 8-34. A4 Counter Relative Assembly Component and Test Point Locations Figure 8-35. Counter Relative Assembly Schematic Diagram 
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SERVICE SHEET 10 


CIRCUIT DESCRIPTIONS 


The circuits described in Service Sheet 10 are 
covered on Service Sheets 1 and 3 and Trouble- 
shooting in paragraphs 8-55 through 8-62. 
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| Controller Assembly (A5) 
& SERVICE SHEET 10 


Counter Relative Assembly (A4) 
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Service 
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CIRCUIT DESCRIPTIONS 


The circuits described in Service Sheet 10 are 
covered on Service Sheets 1 and 3 and Trouble- 
shooting in paragraphs 8-55 through 8-62. 
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Figure 8-36. A5 Controller Assembly Component and Test Point Locations 
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SERVICE SHEET 11 


CIRCUIT DESCRIPTIONS 


The circuits described in Service Sheet 11 are 
covered in paragraphs 8-114 through 8-161, HP-IB 
Instrument Checkout in paragraphs 8-63 through 
8-66, Troubleshooting in Table 8-4, and HP-IB 
Verification Programs in Figures 8-16 and 8-17. 
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CIRCUIT DESCRIPTIONS 


The circuits described in Service Sheet 11 are 
covered in paragraphs 8-114 through 8-161, HP-IB 
Instrument Checkout in paragraphs 8-63 through 
8-66, Troubleshooting in Table 8-4, and HP-IB 
Verification Programs in Figures 8-16 and 8-17. 
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SERVICE SHEET 12 


CIRCUIT DESCRIPTIONS 

The circuits described in Service Sheet 12 are 
covered in paragraphs 8-111 through 8-154, HP-IB 
Instrument Checkout in paragraphs 8-63 through 
8-66, Troubleshooting in Table 8-4, and HP-IB 
Verification Programs in Figures 8-16 and 8-17. 
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General 


The A8A1 assembly provides a 50 + 5 MHz output at 1 mW + 
0.7%. The oscillator’s output is held constant by an ALC loop 
made up of a peak detector CR2 and comparator U2. The com- 
parator reference input is from a very stable +5V power supply 
composed of U1, VR2 and their associated components. The 
LEVEL control R4 sets the comparator reference which controls 
the oscillator feedback level and thereby controls the A8Al1 
assembly POWER REF OUTPUT level. The oscillator’s frequency 
is set by adjusting the FREQ ADJ control L1. 


50 MHz Oscillator 


The oscillator circuit is made up of common-emitter amplifier Q1 
and its associated components. Resistors R12, R13, R14, and R15 
bias Q1 for an emitter current of approximately 5 mA. The 
m-network tuned circuit, C11, C138, C14, and L1 determines the 
operating frequency. The amplifier gain is set by the operating 
circuit impedance across the tuned circuit and the emitter resistor 
R14 (which is ac coupled to ground by C12). The positive 
feedback required to sustain oscillation is satisfied in this circuit. 
Phase shift of 180° is a characteristic of both common-emitter 
amplifiers and 7-network tuned circuits. This feedback is coupled 
through C9 and C10, back to the base of Q1. The FREQ ADJ 
control L1 sets the oscillator’s frequency. 


ALC Loop 


At the positive peak of each cycle, current momentarily flows 
from the feedback loop through peak detector diode CR2 to C7. 
The resultant stored charge is coupled, as a dc input voltage, to pin 
3 of U2. The peak detector’s output iscompared to the very stable 
reference input by comparator U2. Any difference between the 
comparator’s input voltages produces an error voltage at the dc 
output. The comparator’s output is coupled to a reactance voltage 
divider, capacitor C9 and varactor CR38. As the error output 
voltage goes more positive, the capacitive reactance of CR3 
decreases, which reduces the oscillator feedback. Conversely, a 
more negative output voltage will increase the feedback. For 
example, if the oscillator output were to suddenly increase, the 
peak detector’s output would become more positive. The 
comparator’s output would become more positive, a lower CR3 
reactance would decrease the feedback to Q1 which forces the 
oscillator’s output level back to its original level. If the R4 LEVEL 
control were adjusted for a more positive reference voltage, the 
comparator’s output would go more negative, the feedback would 
increase, allowing the oscillator’s output to increase. Therefore, 
the peak detector’s output would increase until it equals the 
comparator’s reference level input, thus establishing a higher 
leveled-output signal from the oscillator. 


Service 
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Frequency shaping components RY, R10, R11, and 
C8 determine the upper limit of frequency re- 
sponse of the ALC loop which prevents spurious 
oscillations. 


+5V Power Supply 


A8A1VR2 provides a reference voltage of —6.2 Vdc 
to the power supply reference amplifier A8U1. The 
gain of the reference amplifier is set by R3, R4, 
and R5 and is approximately —0.8 with R3 
centered. The very stable output is coupled 
through CR1 as the reference voltage input to 
comparator U2. Diode CR1 provides temperature 
compensation for CR2. 


TROUBLESHOOTING 
General 


Before trying to troubleshoot the A8A1 Assembly, 
verify the presence of +15 Vdc and —15 Vdc on 
the circuit board. 


If a defect in the A8A1 Assembly is isolated and 
repaired, the correct output level (1 mW + 0.7%) 
must be set by a very accurate power measurement 
system. Hewlett-Packard employs a special system, 
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accurate to +0.5% and traceable to the National 
Bureau of Standards. When setting the power level, 
a transfer error of +0.2% is introducted making the 
total error +0.7%. If a system this accurate is 
available it may be used to set the proper output 
level. Otherwise, Hewlett-Packard recommends 
returning the Power Meter so it can be reset at the 
factory. Contact your nearest Hewlett-Packard 
office for more information. 


50 MHz Oscillator 


Malfunctions of the oscillator circuit will occur as a 
wrong output frequency or as an abnormal output 
level. The voltage at TP2 will indicate if the ALC 
loop is trying to compensate for an incorrect 
output level. 


Modulation of the 50 MHz signal or spurious 
signals, which are part of the output, may be 
caused by defects in R9, R10, R11, or C8 in the 
ALC loop. 


ALC Loop and Power Supply 


Isolating problems in the ALC Loop and Power 
Supply circuits may be quickly isolated by measur- 
ing de voltages at the inputs and outputs of the 
integrated circuits. 


Model 436A 
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CIRCUIT DESCRIPTIONS 

General 

The Power Line Module (A11), the Power Transformer (T1), the 
Power Supply Rectifier and Regulator Assembly (AQ), and the 


+5V Regulator provide the +5 Vdc, +15 Vdc, and —15 Vdc 
voltages for the operation of the Power Meter. 


Power Line Module and Transformer 


The Power Meter requires a power source of 100, 120, 220, or 
240 Vac, +5% —i0%, 48 to 440 Hz, single phase. The Power Meter 
consumes about 20 watts of power. The line (mains) voltage 
selection is accomplished through the proper selection of A11TB1. 
(See paragraph on Line Voltage Selection in Section II of this 
manual.) The Power Transformer (T1) provides the proper 
voltages to the Power Supply Rectifier and Regulator Assembly 
(AQ) and the +5V Regulator (U1) from the various line (mains) 
voltages. 


Power Supply Rectifier and Regulator Assembly 


Diodes A9CR8S through AYCR6 comprise a bridge rectifier circuit 
with capacitors A9C1 and C2 providing filtering for the rectified 
voltages. The filtered dc voltages are applied to the Vj, inputs of 
A9U1 and A9U2 voltage regulators which provide regulated — and 
+15V. 


Diodes A9CR1 and AYCR2 provide full-wave rectification of the 
12 VAC secondary voltage. 


+5V Regulator 


The +5V Regulator (U1) is mounted on the rear panel for 
heat-sinking purposes. Capacitors Cl and C2 provide filtering for 
the input voltage to pin 1 of U1. The +5 Vdc output voltage of U1 
is applied to a 6.2 volt zener diode (A10VR1) that provides 
over-voltage protection for the +5V supply. This protects the 
integrated circuits should the +5V supply go higher than 6.2 volts. 


Figure 8-44. A8A1 } 
Power Reference Oscillator Assembly (A8) 
@ SERVICE SHEET 14 
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Frequency shaping components R9, R10, R11, and 
C8 determine the upper limit of frequency re- 
sponse of the ALC loop which prevents spurious 
oscillations. 


+5V Power Supply 


A8A1VR2 provides a reference voltage of —6.2 Vdc 
to the power supply reference amplifier A8U1. The 
gain of the reference amplifier is set by R3, R4, 
and R5 and is approximately —0.8 with R3 
centered. The very stable output is coupled 
through CR1 as the reference voltage input to 
comparator U2. Diode CR1 provides temperature 
compensation for CR2. 


TROUBLESHOOTING 
General 


Before trying to troubleshoot the A8A1 Assembly, 
verify the presence of +15 Vdc and —15 Vdc on 
the circuit board. 


If a defect in the A8A1 Assembly is isolated and 
repaired, the correct output level (1 mW + 0.7%) 
must be set by a very accurate power measurement 
system. Hewlett-Packard employs a special system, 
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accurate to +0.5% and traceable to the National 
Bureau of Standards. When setting the power level, 
a transfer error of +0.2% is introducted making the 
total error +0.7%. If a system this accurate is 
available it may be used to set the proper output 
level. Otherwise, Hewlett-Packard recommends 
returning the Power Meter so it can be reset at the 
factory. Contact your nearest Hewlett-Packard 
office for more information. 


50 MHz Oscillator 


Malfunctions of the oscillator circuit will occur as a 
wrong output frequency or as an abnormal output 
level. The voltage at TP2 will indicate if the ALC 
loop is trying to compensate for an incorrect 
output level. 


Modulation of the 50 MHz signal or spurious 
signals, which are part of the output, may be 
caused by defects in R9, R10, R11, or C8 in the 
ALC loop. 


ALC Loop and Power Supply 


Isolating problems in the ALC Loop and Power 
Supply circuits may be quickly isolated by measur- 
ing dc voltages at the inputs and outputs of the 
integrated circuits. 
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Reference designations within outline (~ - ——) assem- 
blies are abbreviated. Full designation includes Assembly 
Number; e.g., R1 of Assembly A1 is A1R1. Designations of 
other components are complete as shown. 
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NOTES 
Unless otherwise indicated 
Resistance in ohms; 
Capacitance in picofarads; 
Inductance in microhencires. 
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Backdating information is 
found in Section Vil. 
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VOLTAGE CONNECTIONS 
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DESIGNATIONS | PIN NUMBER 


1854-0247 
1854-0810 
1826-0013 
1820-0223 


U1,2 +15 VE -—7 
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Service 
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Figure 8-44. A8A1 Power Reference Oscillator Board Assembly Component, Test Point and Adjustment Locations Figure 8-45. Power Reference Oscillator Assembly Schematic Diagram 
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TROUBLESHOOTING 


WARNINGS 


If this instrument is to be energized via an 
auto-transformer for voltage reduction, 
make sure the common terminal is 
connected to the earthed pole of the 
power source. BEFORE SWITCHING ON 
THIS INSTRUMENT, the protective earth 
terminals of this instrument must be con- 
nected to the protective conductor of the 
(mains) power cord. The mains plug shall 
only be inserted in a socket outlet pro- 
vided with a protective earth contact. The 
mains plug shall only’ be inserted in a 
socket outlet provided with a protective 
earth contact. The protective action must 
not be negated by the use of an extension 
cord (power cable) without a protective 
conductor (grounding). 


Any interruption of the _ protective 
(grounding) conductor (inside or outside 
the instrument) or disconnecting the pro- 
tective earth terminal is likely to make 
this instrument dangerous. Intentional 
interruption is prohibited. 


Make sure that only fuses with the 
required rated current and of the specified 
type (normal blow, time delay, etc.) are 
used for replacement. The use of repaired 
fuses and the short-circuiting of fuse 
holders must be avoided. 


Whenever it is likely that the protection 
offered by fuses has been impaired, the 
instrument must be made inoperative and 
be secured against any unintended opera- 
tion. 


Any adjustment, maintenance, and repair 
of the opened instrument under voltage 


8-188 


Model 436A 


should be avoided as much as possible 
and, when inevitable, should be carried 
out only by a skilled person who is aware 
of the hazard involved. 

Adjustments and service described herein 
are performed with power supplied to the 
instrument while protective covers are 
removed. Energy available at many points 
may, if contacted, result in personal 


injury. 


CAUTIONS 


LINE VOLTAGE SELECTION 


BEFORE SWITCHING ON THIS _IN- 
STRUMENT, make sure the instrument is 
~ set to the voltage of the power source. 


BEFORE SWITCHING ON THIS IN- 
STRUMENT, ensure that all devices con- 
nected to this instrument are connected 
to the protective (earth) ground. 


BEFORE SWITCHING ON THIS _IN- 
STRUMENT, ensure that the line power 
(mains) plug is connected to a three- 
conductor line power outlet that has a 

’ protective (earth) ground. (Grounding one 
conductor of a two-conductor outlet is 
not sufficient.) 


Set the LINE ON-OFF switch to OFF and remove 
the Line Power Cord (W8) from the Line Power 
Module (A11). Remove the red (2), violet (7), and 
white-red (92) wires from the feed-thru capacitors 
(C3, C4, and C5). Replace the Line Power Cord 
(W8) and set LINE ON-OFF to ON. If the supply 
voltages are now correct, the trouble is not in the 
Power Supply. If the +5V supply is still too low or 
too high, Ul or U2 is probably at fault. If either 
the +15V or —15V supplies are the source of trou- 
ble, the complete unit (U1 or U2) must be replaced. 
Any other problems can be solved with the aid of a 
VOM. 


Model 436A 


Figure 8-46. 


Power Supply Rectifier and Regulator 
Assembly (A9, A10) 
@ SERVICE SHEET 15 


SERVICE SHEET 15 


CIRCUIT DESCRIPTIONS 
General 


The Power Line Module (A11), the Power Transformer (T1), the 
Power Supply Rectifier and Regulator Assembly (AQ), and the 
+5V Regulator provide the +5 Vdc, +15 Vdc, and —15 Vdc 
voltages for the operation of the Power Meter. 


Power Line Module and Transformer 


The Power Meter requires a power source of 100, 120, 220, or 
240 Vac, +5% —i0%, 48 to 440 Hz, single phase. The Power Meter 
consumes about 20 watts of power. The line (mains) voltage 
selection is accomplished through the proper selection of A11TB1. 
(See paragraph on Line Voltage Selection in Section II of this 
manual.) The Power Transformer (T1) provides the proper 
voltages to the Power Supply Rectifier and Regulator Assembly 
(A9) and the +5V Regulator (U1) from the various line (mains) 
voltages. 


Power Supply Rectifier and Regulator Assembly 


Diodes A9CR3 through A9CR6 comprise a bridge rectifier circuit 
with capacitors A9C1 and C2 providing filtering for the rectified 
voltages. The filtered dc voltages are applied to the Vi, inputs of 
A9UI1 and A9U2 voltage regulators which provide regulated — and 
+15V. 


Diodes A9CR1 and A9CR2 provide full-wave rectification of the 
12 VAC secondary voltage. 


+5V Regulator 


The +5V Regulator (U1) is mounted on the rear panel for 
heat-sinking purposes. Capacitors C1 and C2 provide filtering for 
the input voltage to pin 1 of U1. The +5 Vdc output voltage of U1 
is applied to a 6.2 volt zener diode (A10VR1) that provides 
over-voltage protection for the +5V supply. This protects the 
integrated circuits should the +5V supply go higher than 6.2 volts. 


Power Reference Oscillator Assembly (A8) 
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Service 


TROUBLESHOOTING 


WARNINGS 


If this instrument is to be energized via an 
auto-transformer for voltage reduction, 
make sure the common terminal is 
connected to the earthed pole of the 
power source. BEFORE SWITCHING ON 
THIS INSTRUMENT, the protective earth 
terminals of this instrument must be con- 
nected to the protective conductor of the 
(mains) power cord. The mains plug shall 
only be inserted in a socket outlet pro- 
vided with a protective earth contact. The 
mains plug shall only’ be inserted in a 
socket outlet provided with a protective 
earth contact. The protective action must 
not be negated by the use of an extension 
cord (power cable) without a protective 
conductor (grounding). 


Any interruption of the protective 
(grounding) conductor (inside or outside 
the instrument) or disconnecting the pro- 
tective earth terminal is likely to make 
this instrument dangerous. Intentional 
interruption is prohibited. 


Make sure that only fuses with the 
required rated current and of the specified 
type (normal blow, time delay, etc.) are 
used for replacement. The use of repaired 
fuses and the short-circuiting of fuse 
holders must be avoided. 


Whenever it is likely that the protection 
offered by fuses has been impaired, the 
instrument must be made inoperative and 
be secured against any unintended opera- 
tion. 


Any adjustment, maintenance, and repair 
of the opened instrument under voltage 
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should be avoided as much as possible 
and, when inevitable, should be carried 
out only by a skilled person who is aware 
of the hazard involved. 

Adjustments and service described herein 
are performed with power supplied to the 
instrument while protective covers are 
removed. Energy available at many points 
may, if contacted, result in personal 


injury. 


CAUTIONS 


LINE VOLTAGE SELECTION 


BEFORE SWITCHING ON THIS IN- 
STRUMENT, make sure the instrument is 
set to the voltage of the power source. 


BEFORE SWITCHING ON THIS IN- 
STRUMENT, ensure that all devices con- 
nected to this instrument are connected 
to the protective (earth) ground. 


BEFORE SWITCHING ON THIS IN- 
STRUMENT, ensure that the line power 
(mains) plug is connected to a three- 
conductor line power outlet that has a 
protective (earth) ground. (Grounding one 
conductor of a two-conductor outlet is 
not sufficient.) 


Set the LINE ON-OFF switch to OFF and remove 
the Line Power Cord (W8) from the Line Power 
Module (A11). Remove the red (2), violet (7), and 
white-red (92) wires from the feed-thru capacitors 
(C8, C4, and C5). Replace the Line Power Cord 
(W8) and set LINE ON-OFF to ON. If the supply 
voltages are now correct, the trouble is not in the 
Power Supply. If the +5V supply is still too low or 
too high, Ul or U2 is probably at fault. If either 
the +15V or —15V supplies are the source of trou- 
ble, the complete unit (U1 or U2) must be replaced. 
Any other problems can be solved with the aid of a 
VOM. 
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Figure 8-47. 
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AQ ASSEMBLY 
A11 Line Power Module (0960-0444) 


A11TB1 Line Voltage 
Selector Card (5020-8122) 


220 VAC 


|2aovac i 120 VAC 


~< > 4 
! 
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Any interruption of the protective (grounding) 
conductor (inside or outside the instrument) or 
disconnecting the protective earth terminal is likely 
to make this instrument dangerous. Intentional 
interruption is prohibited. 


Any adjustment, maintenance, and repair of the 
opened instrument under voltage should be 
avoided as much as possible and, when inevitable, 
should be carried out only by a skilled person who 
is aware of the hazard involved. 


Rear Panel Mounted Power Supply Component Locations 


100 VAC" 


Before switching on this instrument, make sure the 
instrument is set to the voltage of the power 
source. 


Before switching on this instrument, ensure that all 
devices connected to this instrument are connected 
to the protective (earth) ground. 


Before switching on this instrument, ensure that 
the line power (mains) plug is connected to a 
three-conductor line power outlet that has a pro- 
tective (earth) ground. (Grounding one conductor 
of a two-conductor outlet is not sufficient.) 


AS Power Supply Rectifier and Regulator Assy (00436-60054) t a 


—21V 


Power Supply Rectificr and Regulator Circuit 436A 2410A 


NOTES 
1, Unless otherwise indicated: 
Capacitance in picofarads 

2. RMS value shown for all AC 
voltages. 

3. 0.75A fuse installed for 1OOVAC, 
120VAC line input; 0.375A fuse 
installed for 220VAC, 240VAC line 
input. 


T Backdating is found in Section VII 


A™ REGULATORS ™\ 


VOLTAGE 


Ul 
1826-0181 
BOTTOM VIEW 


Service 
Reference designations within outline (- — ——) assem- 
blies are abbreviated. Full designation includes Assembly 
Number; e.g., R1 of Assembly Al is A1R1. Designations of 
other components are complete as shown. 
P/O A10 
Mother Board Assembly 
P/O 
J 
6 Gy -15v 
| { | 
' 
H 
1! | 
1 ' 
' 
i 
\ 
' 
| ' 
H | 
1 
—_—_—e—_—_e-— 8 a +15V 
C4 1 : 
5000 | : 
i 
' 
+5V ‘at 
(A™ REGULATOR Uh 
' 
[| 
1 1 
' 
1 +5V | 
| val 
F 6.2V 
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! 


15 


AS,A10,A11 


J4 
VR 


Figure 8-48. Power Supply Rectifier and Regulator Assembly Schematic Diagram 
8-189/8-190 
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Model 436A 


P/O W2P2 > 


P/O W1iP2 —~_ 


& Major Assembly Locations 


Power Supply Rectifier and Regulator 
Assembly (A9, A10) 
@ SERVICE SHEET 15 


Model 436A Service 


P/O W4P2 OR 
A1A3S1 W11P2 (OPT 022) 


A = ; | P/O W3P2 . sari? {rie 0| as 
prow2p ~ eerie ass : ! Waa alll ol) iia 
AS 


P/O W1P2 


Figure 8-49 Rear View of Front Panel (Removed) Figure 8-50 Top Internal View Standard Instrument Figure 8-51 Top Internal View HP-IB 
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4 Major Assembly Locations 
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Should one of your HP instruments need 
repair, the HP service organization is 
ready to serve you. However, you can 
help us serve you more effectively. When 
sending an instrument to HP for repair, 
please fill out this card and attach it to 
the product. Increased repair, efficiency 
and reduced turn-around time should 
resuit. 


COMPANY 


ADDRESS 


TECHNICAL CONTACT PERSON 


PHONE NO. EXT. 
MODEL NO. SERIAL NO. 
MODEL NO SERIAL NO. 
P.O. NO. DATE 


Accessories returned with unit 


CONONE CI cABLE(S) 


CO Power caABLE LIADAPTER(S) 
OTHER f 
over 
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Should one of your HP instruments need 


repair, the HP service organization is 
ready to serve you. However, you can 
help us serve you more effectively. When 
sending an instrument to HP for repair, 
please fill out this card and attach it to 
the product. Increased repair. efficiency 
and reduced turn-around time should 
result. 


TECHNICAL CONTACT PERSON 


PHONE NO. EXT. 
MODEL NO. SERIAL NO. 
MODEL NO. SERIAL NO. 
P.O. NO. DATE 


Accessories returned with unit 
CLINONE CO caABLE(S) 


Cleower cABLeE DIADAPTER(S) 
OTHER 


over 
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Should one of your HP instruments need 
repair, the HP service organization is 
ready to serve you. However, you can 
help us serve you more effectively. When 
sending an instrument to HP for repair, 
please fill out this card and attach it to 
the product. Increased repair, efficiency 
and reduced turn-around time should 
result. 


COMPANY 


ADDRESS 


TECHNICAL CONTACT PERSON 


PHONE NO. EXT. 
MODEL NO. SERIAL NO. 
MODEL NO SERIAL NO. 
P.O. NO. DATE 


Accessories returned with unit 


LUNONE CO CABLE(S) 


L] POWER CABLE LJ ADAPTER(S) 


OTHER 
over 
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Should one of your HP instruments need 
repair, the WP service organization is 
ready to serve you. However, you can 
help us serve you more effectively. When 
sending an instrument to HP for repair, 
please fill out this card and attach it to 
the product. Increased repair, efficiency 
and reduced turn-around time should 
result. 


ADDRESS 


TECHNICAL CONTACT PERSON 


PHONE NO. EXT. 
MODEL NO SERIAL NO. 
MODEL NO SERIAL NO. 
P.O. NO. DATE 


Accessories returned with unit 
LINONE C1) cABLE(S) 


Cleower caBce LIADAPTER(S) 
OTHER 


over 


) 
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Should one of your HP instruments need 
repair, the HP service organization is 
ready to serve you. However, you can 
help us serve you more effectively. When 
sending an instrument to HP for repair, 
please fill out this card and attach it to 
the product. Increased repair, efficiency 
and reduced turn-around time should 
result. 


COMPANY 
ADDRESS 


TECHNICAL CONTACT PERSON 


PHONE NO. EXT. 
MODEL NO. SERIAL NO. 
MODEL NO. SERIAL NO. 
P.O. NO. DATE 


Accessories returned with unit 
LINONE LI CABLE(S) 


LJ POWER CABLE LIADAPTER(S) 


OTHER 


over 
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Should one of your HP instruments need 
repair, the HP service organization is 
ready to serve you. However, you can 
help us serve you more effectively. When 
sending an instrument to HP for repair, 
please fill out this card and attach it to 
the product. Increased repair, efficiency 
and reduced turn-around time shouid 
result. 


COMPANY 


ADDRESS 


TECHNICAL CONTACT PERSON 


PHONE NO. EXil: 
MODEL NO. SERIAL NO. 
MODEL NO. SERIAL NO. 
P.O. NO. DATE 


Accessories returned with unit 
CINONE LI CABLE(S) 


DC)PoweR CABLE LIADAPTER(S) 
OTHER 


over 


Service needed 


LI CALIBRATION ONLY 


CO REPAIR LJ REPAIR & CAL 


OTHER 


Observed symptoms/problems 


FAILURE MODE IS: 
CL] CONSTANT CO INTERMITTENT 
SENSITIVE TO: 

Ocotp Oneat UO VIBRATION 


FAILURE SYMPTOMS/SPECIAL 
CONTROL SETTINGS 


If unit is part of system list model 
number(s) of other interconnected in- 
struments. 


9320-3896 Printed in U.S.A. 


Service needed 


LCI CALIBRATION ONLY 
O REPAIR & CAL 


Observed symptoms/problems 


FAILURE MODE |S: 
L] CONSTANT CO INTERMITTENT 
SENSITIVE TO: 

Ocorp Oneat UO viBRaATION 


FAILURE SYMPTOMS/SPECIAL 
CONTROL SETTINGS 


If unit is part of system list model 
number(s) of other interconnected in- 
struments. 


9320-3896 Printed in U.S.A. 


LI CALIBRATION ONLY 
TC) REPAIR & CAL 


Observed symptoms/problems 


FAILURE MODE IS: 


LI CONSTANT OO INTERMITTENT 


if unit is part of system list model - 


number(s) of other interconnected in- 
struments. 


9320-3896 Printed in U.S.A. 


If unit is part of system list’ model 
number(s) of other interconnected in- 
struments. 


Printed in U.S.A. 


Service needed 


C1 CALIBRATION ONLY 


CO REPAIR OO REPAIR & CAL 


OTHER 


Observed symptoms/problems 
FAILURE MODE IS: 
LILCONSTANT 0 INTERMITTENT 
SENSITIVE TO: 

Ocorp OHneat LI VIBRATION 


FAILURE SYMPTOMS/SPECIAL 
CONTROL SETTINGS 


If unit is part of system list model 
number(s) of other interconnected in- 
struments. 


9320-3896 Printed in U.S.A. 


LI CALIBRATION ONLY 


Observed symptoms/problems 


FAILURE MODE IS: 
CL] CONSTANT fa INTERMITTENT 
SENSITIVE TO: 

Ocoto OHneat UO viBRATION 


FAILURE SYMPTOMS/SPECIAL 
CONTROL SETTINGS 


If unit is part of system list model 
number(s) of other interconnected in- 
struments. 


9320-3896 Printed in U.S.A. 
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REGIONAL SALES AND SERVICE OFFICES 


NORTH/CENTRAL AFRICA 


Hewlett-Packard S.A. 

7, Rue du Bois-du-Lan 

CH-1217 MEYRIN 2, Switzerland 
Tel: (022) 83 12 12 

Telex: 27835 hpse 

Cable: HEWPACKSA Geneve 


ASIA 


Hewlett-Packard Asia Ltd. 

6th Floor, Sun Hung Kai Centre 
30 Harbour Rd. 

G.P.O. Box 795 

HONG KONG 

Tel: 5-832 3211 


After Jan. 1, 1984 


47th Floor, China Resources Bldg. 


26 Harbour Rd., Wanchai 
HONG KONG 

Telex: 66678 HEWPA HX 
Cable: HEWPACK HONG KONG 


CANADA 


Hewlett-Packard (Canada) Ltd. 
6877 Goreway Drive 
MISSISSAUGA, Ontario L4V 1M8 
Tel: (416) 678-9430 

Telex: 610-492-4246 


MEDITERRANEAN AND 
MIDDLE EAST 


Hewlett-Packard S.A. 
Mediterranean and Middle East 
Operations 

Atrina Centre 

32 Kifissias Ave. 
Paradissos-Amarousion, ATHENS 
Greece 

Tel: 682 88 11 

Telex: 21-6588 HPAT GR 

Cable: HEWPACKSA Athens 


EASTERN EUROPE 


Hewlett-Packard Ges.m.b.h. 
Lieblgasse 1 

P.O. Box 72 

A-1222 VIENNA, Austria 
Tel: (222) 2365110 

Telex: 1 3 4425 HEPA A 


NORTHERN EUROPE 


Hewlett-Packard S.A. 
Uilenstede 475 

P.O. Box 999 

NL-1180 AZ AMSTELVEEN 
The Netherlands 

Tel: 20 437771 


SOUTH EAST EUROPE 


Hewlett-Packard S.A. 

7, Rue du Bois-du-Lan 

CH-1217 MEYRIN 2, Switzerland 
Tel: (022) 83 12 12 

Telex: 27835 hpse 

Cable HEWPACKSA Geneve 


OTHER EUROPE 


Hewlett-Packard S.A. 

P.O. Box 

150, Rte du Nant-D’Avril 
CH-1217 MEYRIN 2, Switzerland 
Tel: (022) 83 8111 

Telex: 22486 hpsa 

Cable: HEWPACKSA Geneve 


EASTERN USA 


Hewlett-Packard Co. 

4 Choke Cherry Road 
ROCKVILLE, MD 20850 
Tel: (301) 258-2000 


MIDWESTERN USA 


Hewlett-Packard Co. 
5201 Tollview Drive 
ROLLING MEADOWS, IL 60008 
Tel: (312) 255-9800 


SOUTHERN USA 


Hewlett-Packard Co. 
2000 South Park Place 
P.O. Box 105005 
ATLANTA, GA 30348 
Tel: (404) 955-1500 


WESTERN USA 


Hewlett-Packard Co. 

3939 Lankershim Bivd. 
P.O. Box 3919 

LOS ANGELES, CA 91604 
Tel: (213) 506-3700 


OTHER INTERNATIONAL AREAS 


Hewlett-Packard Co. 
Intercontinental Headquarters 
3495 Deer Creek Road 
PALO ALTO, CA 94304 

Tel: (415) 857-1501 

Telex: 034-8300 

Cable: HEWPACK 
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